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FOREWORD 


Appendix  VI,  Municipal  and  Industrial  Water 
Supply,  contains  a detailed  report  of  one  component 
of  the  Comprehensive  Water  Resource  Study  of  Puget 

■:  one  of  the  technical 

data  for  the  overall 

lupplemented  by  IS 
s a Digest  of  Public 
rough  IV  contain 
ces  V through  XIV 
resent  status,  present 
to  satisfy  the  needs, 
I of  water.  Appendix 
Ians  for  the  Puget 
ins  and  describes  the 
>urpose  plans  includ- 
pose  solutions  con- 
jh  XIV,  to  achieve 

lix  is  to:  (1)  appraise 
the  present  use  of  water  for  municipal  and  industrial 
purposes  in  the  Puget  Sound  Area;  (2)  determine  the 
future  water  supply  needs;  and  (3)  present  single' 
purpose  means  to  meet  these  foreseeable  short- and 
long-term  needs. 

River-basin  Manning  in  the  Pacific  Northwest 
was  started  unde|thb*guidance  of  the  Columbia  Basin 


The  Puget  Sound  Task  Force  consists  of  ten 
members,  each  representing  a major  State  or  Federal 
agency.  All  State  and  Federal  agencies  having  some 
authority  over,  or  interest  in,  the  use  of  water 
resources  are  included  in  the  organized  planning 
effort. 

The  published  report  is  contained  in  the  follow- 
ing volumes. 
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INTRODUCTION 


Water  for  municipal  and  industrial  use  com- 
prises about  SS  percent  of  all  water  consumptively 
used  in  the  Puget  Sound  Area,  and  commands  major 
emphasis  among  all  water  uses.  An  abundance  of 
high-quality  water  is  one  of  several  major  reasons  for 
the  Area’s  rapid  economic  development.  Industries 
locate  where  water  is  available,  and  population 
centralizes  around  these  industrial  complexes.  Water 


supply  systems  then  evolve  to  furnish  the  required 
water  for  municipal  and  industrial  needs.  This  appen- 
dix points  out  that  water  in  this  Area,  though 
plentiful,  may  not  be  an  inexhaustible  resource. 
Coordinated,  systematic  water  use  planning  must 
accompany  the  expected  rapid  growth  in  the  Area  if 
available  water  resources  are  to  supply  the  expected 
increased  need. 


PURPOSE  AND  SCOPE 


This  appendix  reports  the  results  of  a detailed 
investigation  of  municipal  and  industrial  water 
supplies  and  uses.  Comparison  of  the  supply  and  use 
data  reveals  that  substantially  more  water  is  available 
than  is  presently  being  used.  With  adequate  planning, 
sufficient  water  resources  exist  in  the  Area  to  meet 
the  demand  during  the  foreseeable  future. 

Information  in  this  appendix  illustrates  present 
and  future  demands  for  municipal  and  industrial 


water,  and  describes  in  general  terms  how  the  demand 
is  currently  being  met.  The  data  presented  are  based 
upon  a single-purpose  use  of  the  water  resources  for 
analysis  with  other  water  uses  in  developing  the 
Comprehensive  Plan.  No  attempt  has  been  made  to 
analyze  in  detail  the  adequacy  of  present  supply 
systems.  For  methodology  and  development  of  the 
Comprehensive  Plan  see  Appendix  XV,  Plan  Formula- 
tion. 


AREA  DESCRIPTION 


GENERAL 

Climate  and  topography  have  influenced  the 
history  of  supplying  water  to  the  15,900  square  mile 
Puget  Sound  Area,  Figure  1-1.  Land  elevations  range 
from  sea  level  along  the  shores  of  Puget  Sound  to 
14,410-foot  Mount  Rainier.  Natural  barriers-the 
Cascade  and  Olympic  mountain  ranges,  which  form 
the  eastern  and  western  boundaries-protect  the  Area 
from  severe  weather  and  induce  precipitation  to 
replenish  the  Area’s  extensive  water  supplies. 

Geography 

The  Puget  Sound  Area,  a glaciated  trough, 
contains  densely  forested  mountains  and  foothills  and 
fertile,  open  valleys,  flood  plains,  and  deltas.  Popula- 
tion and  industry  cluster  mainly  along  the  eastern 
shore  of  Puget  Sound.  The  Sound  is  an  inland  sea 
comprising  about  2,500  square  miles  of  surface  area 
dotted  with  islands.  The  islands  range  in  size  from 
Whidbey,  second  largest  in  the  contiguous  United 
States,  with  an  area  of  102,000  acres,  to  the  smaller 
San  Juans,  an  archipelago  of  172  islands  in  the 
northern  part  of  the  Sound.  Of  the  13,367  square 
miles  of  land  in  the  Puget  Sound  Area,  1 ,760  square 


miles  are  arable  lowland  plains  and  deltas,  river 
valleys,  midland  terraces,  and  mountain-valley  exten- 
sions. Most  of  the  population,  industry,  and  agricul- 
ture is  concentrated  on  these  lands.  The  rest  of  the 
land  (11,607  square  miles)  consists  of  mountainous 
terrain  that  provides  the  watersheds  end  glaciers 
supplying  the  Area’s  rivers  and  streams.  There  is  a 
total  area  of  approximately  240  square  miles  of  fresh 
water  in  the  PUget  Sound  Area.  Photo  1-1  shows  part 
of  a typical  watershed  development. 

Climatt 

The  Cascade  Mountain  Range  forms  a barrier  to 
cold  air  masses  traveling  south  from  Caneda  in  the 
winter;  the  Olympics  provide  a barrier  to  the  intense 
winter  storms  reaching  the  coast  from  the  Pacific 
Ocean.  As  a result,  the  Area  has  cool  summers  and 
mild  winters.  Temperatures  below  -18°C  (0°F)  are 
rare  in  the  lowlands,  and  maximum  temperatures 
seldom  exceed  38*C  (100°F).  Lowland  temperatures 
average  about  4°C  (40°F)  in  the  winter  and  above 
15°C  (60°F)  in  the  summer. 

Annual  precipitation  varies  from  20  to  50 
inches  in  the  lowlands  surrounding  Puget  Sound  to 
more  than  200  inches  in  higher  elevations.  About 
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two-thirds  of  all  precipitation  falls  from  October 
through  March.  Autumn,  winter,  and  early  spring  are 
rainy,  with  persistent  cloudiness  and  high  relative 
humidity,  but  rainfall  is  scant  from  May  through 
August. 

History 

An  abundant  supply  of  high-quality  water  has 
been  a basis  and  incentive  for  the  growing  economy 
in  the  Puget  Sound  Area.  Water  supply  $yMtem  have 
progressed  with  this  expanding  economy. 

Early  water  supplies  consisted  of  perennial 
streams,  springs,  and  wells.  For  many  years  following 
the  first  settlements,  pioneers  obtained  water  from 
crude,  uncoordinated  private  water  systems  conaistiiy 
at  wooden  tanks  and  pipes.  Water  often  flowed  in 
open  V-shaped  flumes.  Many  of  the  distribution 
mains  wen  inadequate  in  rise;  major  flies  resulted 
because  insufficient  flow  was  available  for  fire-fight- 
ing. 


During  the  1850’s  a Chinese  man,  Tom  Quon, 
operated  one  of  the  first  “distribution  systems”  in 
Tacoma  consisting  of  a one-horse  cart  that  carried  a 
barrel  of  spring  water.  As  the  city  grew,  several  small 
systems,  including  Tacoma  Light  and  Water  Com- 
pany, evolved  to  supply  water  needs.  General  dissatis- 
faction with  the  quality  and  quantity  of  water  and 
service  rendered  by  these  companies  plus  an  expan- 
ding population  led  to  the  sinking  of  wells,  and  later 
to  construction  of  the  Green  River  gravity  supply 
system. 

Early  distribution  systems  did  not  always  pro- 
tect the  health  of  the  population.  Waterborne  diseases 
were  often  a problem.  Two  major  outbreaks  of 
typhoid  fever  occurred  in  Seattle  before  the  city 
ceased  pumping  local  surface  water. 

The  great  Seattle  fin  of  1889,  which  destroyed 
the  business  district,  demonstrated  the  inadequacy  of 
that  city's  water  supply  system.  Shortly  after  1900, 
Seattle  abandoned  its  pumping  plant  on  Lake  Wath- 
ington-untll  then  the  primary  water  source— and 
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PHOTO  1-1.  Watershed  utilization  includes  such  developments  as  this,  which  limits  land  use  on  slopes  that 
drain  into  the  river  basin,  thus  protecting  the  quality  of  water  captured  for  municipal  and  industrial  use.  (Toft 
regulating  basin.  Seattle  Water  Department). 


began  drawing  from  the  Cedar  River  watershed,  26 
miles  southeast  of  the  city.  The  steady  rise  in 
population  from  3,500  in  1880  to  43,000  in  1890 
and  80,671  in  1900,  and  the  availability  of  the  less 
contaminated  mountain  water  of  the  Cedar  River, 
prompted  development  of  the  protected  watershed 
and  construction  of  a gravity  supply  system. 

Around  the  turn  of  the  century,  other  cities 
purchased  local  water  companies  and  began  to 
develop  large  public  water  supplies.  Many  communi- 
ties acquired  distant  surface  water  rights  to  provide 
for  the  needs  of  expanding  populations  and  indus- 
tries. They  developed  watersheds  with  varying  owner- 
ship and  management  to  control  pollution  resulting 
from  uncontrolled  logging  and  abused  public  access. 

At  first,  simple  diversions  from  watersheds  to 


the  cities  were  sufficient,  but  as  the  population  of  the 
Area  grew,  dams  were  constructed  to  impound  water, 
augmenting  low  stream  flows  and  providing  effective 
flood  control.  Today,  supply  systems  vary  from 
versatile  networks  serving  large  municipalities  and 
metropolitan  areas  to  simple  distribution  systems  in 
small,  scattered  rural  communities.  Steady  progress  in 
developing  high  quality  water  sources,  mainly  from 
surface  waters  but  with  some  pumping  of  ground 
waters,  characterizes  municipal  and  industrial  water 
supplies  throughout  the  Area. 

BASINS 

Natural  topographic  features  were  used  to 
divide  the  Puget  Sound  Area  into  1 1 drainage  basins 


for  study  purposes  (Figure  2-1).  They  are:  Nooksack- 
Sumas,  Sakgit-Samish,  Stillaguamish,  Snohomish, 
Cedar-Green,  Puyallup,  Nisqually -Deschutes,  West 
Sound,  Elwha-Dungeness,  and  San  Juan  and 
Whidbey -Camano  Islands.  Ridgelines  running  from 
the  slopes  of  the  Cascade  or  Olympic  mountains  to 
Puget  Sound  bound  each  of  these  basins  except  the 
latter  two,  which  are  island  groups.  The  other  nine 
basins  share  similar  topographic  characteristics 
(Photos  1-2,  1-3,  and  1-4):  one  or  more  rims, 
mountainous  terrain  in  the  upper  reaches,  deep 
valleys  and  canyons  in  the  central  portions,  and  plains 
and  deltas  in  the  lowlands.  The  Cedar-Green,  Skagit, 
and  Snohomish  Basins  supply  water  for  use  outride 
their  boundaries  to  meet  the  needs  of  the  major  water 
consumption  centers  of  Seattle,  Whidbey  Island  and 
Tacoma.  Separate  sections  in  this  appendix  describe 
water  sources  and  use  in  each  of  the  1 1 basins. 

PRESENT  DEVELOPMENT 

Forests  com  more  than  82  percent  of  the  land 
in  the  Area.  Urban  build-up,  which  contains  most  of 
the  population  and  economic  activity,  occupies  only 
about  S percent  of  the  total  acreage. 

Economy 

A dynamic  industrial  complex  in  the  Snoho- 
mish, Cedar-Green,  and  Puyallup  Basins  accounts  for 
much  of  the  economic  activity  in  the  Area.  In  these 
basins,  Seattle,  Tacoma,  and  Everett  contain  a large 
and  growing  industrial  community  that  is  heavily 
oriented  toward  activities  in  aerospace,  shipbuilding, 
maritime  trade,  transportation,  and  diversified  manu- 
facturing. The  Boeing  Company’s  aerospace  industry 
constitutes  the  Area’s  leading  industrial  employer. 
These  cities  also  serve  as  the  major  shipping  and 
trading  centers  on  Puget  Sound,  which  has  many 
Meta,  bays,  and  harbors,  and  fine  deep-water  facil- 
ities for  ocean-going  vessels.  Photo  1-5  shows  an 
industrialized  urban  concentration. 

Government  activities  also  play  a major  role  in 
the  economy.  The  Puget  Sound  Naval  Shipyard, 
aacond  largest  industrial  employer  in  the  Area, 
dominates  the  economy  of  Bremsrton  and  the  Kitsap 
Peninsula.  McChord  Air  Force  Base  and  Fort  Lewis 
are  major  sources  of  personal  income  in  the  Tacoma 
area.  Activities  to  provide  government  services  con- 
tribute heavily  to  the  economy  of  Olympia,  the  State 
capitol,  and  vicinity. 


In  the  remainder  of  the  Area,  economic  activi- 
ties center  around  forest  product  industries,  commer- 
cial fishing,  farming,  and  miscellaneous  light  indus- 
tries. Photo  1-6  is  typical  of  habitable  land  away  from 
urban  centers. 

An  abundance  of  clean,  relatively  cheap  water 
explains,  in  large  part,  the  industrial  growth  in  the 
Area.  This  growth  shows  an  acceleration  at  an 
increasing  rate  since  1940.  Accompanying  the  desir- 
able effects  of  improved  and  expanded  economic 
opportunities  are  changes  in  population  distribution 
and  further  urbanization,  increasing  the  demands  on 
existing  water  sources,  for  municipal  and  industrial 
uaes.  In  addition,  the  increase  in  population  accom- 
panying the  economic  growth  produces  additional 
demands  for  rural,  urban  and  wilderness  recreational 
sites.  An  accelerating  need  for  recreational  land  is 
evident;  this  trend  promises  to  continue  as  the  Area 
becomes  more  industrialized. 

Population 

The  population  trend  in  the  Puget  Sound  Area, 
in  keeping  with  increased  industrialization,  displays 
rapid  growth.  Census  figures  show  nearly  a 10-percent 
increase  between  1960  (1,768,000)  and  1965 
(2,100,000).  Since  1940,  the  population  has  more 
than  doubled. 

Census  estimates  for  1966  include  sixteen  cities 
with  populations  greater  than  10,000  (Table  1-1). 
The  population  trends  of  the  seven  largest  of  these 
sixteen  cities  from  the  earliest  census  to  1967  are 
shown  in  Figure  1-2. 


TABLE  1-1,  Citis*  with  population  over  10,000 


City 

1867 

1. 

ullilll 

680,000 

2. 

Tacoma 

168,000 

a 

Ewntt 

62,000 

4. 

BaHIngham 

36,600 

6. 

Biemsrton 

36,164 

& 

Ranton 

23,006 

7. 

Edmonds 

21,800 

8. 

Beilevuo 

22,000 

8. 

Olympia 

20,880 

10. 

Port  Anpala* 

16,800 

11. 

Auburn 

17,082 

12. 

mmom  ivma  Vriiy 

18,600 

ia 

Mountlaka  Tsnaca 

16,700 

14, 

Puyallup 

14,20*1 

16. 

Kant 

14,008 

18, 

LviMUMBfid 

12,806 

PHOTO  1-4.  Deltas  and  open  valleys,  set  off  by 
rolling  terraces,  characterize  lowlands. 


PHOTO  1-2.  Mountains  and  forested  foothills  typify 
upper  reaches. 


PHOTO  1-5.  Manufacturing,  shipping,  trading,  and 
financial  activities,  with  dense  urban  build-ups,  center 
around  natural  and  developed  harbors. 


PHOTO  1-6.  Agriculture  and  forest  harvesting 
support  many  small  communities,  which  contain  only 
a small  percentage  of  the  population. 


PHOTO  1-3.  Picturesque  streams  lie  between  the 
mountains  and  lowlands. 


1,000,000 


100,000 


CENSUS  YEAR 


FIGURE  1-2.  Major  city  populations  (aarliast  census  to  1967). 


There  is  an  uneven  distribution  of  population  in 
the  Area;  this  results  from  differences  in  topography, 
accessibility,  and  recent  industrialization.  Nearly  75 
percent  of  the  populace  reside  in  the  Snohomish, 
Cedar-Green,  and  Puyallup  Basins.  The  western  and 
northern  portions  of  the  Area  are  sparsely  populated. 
The  Nisqually -Deschutes,  West  Sound,  and  Elwha- 
Dungeness  Basins  together  account  for  only  about  13 
percent  of  the  total  population.  Less  than  12  percent 
reside  in  the  Nooksack-Sumas,  Skagit -Samish,  Stilla- 
gua mith,  San  Juan,  and  Whidbey-Camano  Basins. 

The  trend  of  rapidly  increasing  population  and 
further  localization  of  population  will  likely  continue 
and  will  place  an  added  burden  on  the  water 
resources  of  the  densely  populated  basin. 


Land  Usa 

Land  use  in  the  Puget  Sound  Area  varies  from 
dense  residential,  commercial,  and  industrial  concen- 
trations to  undeveloped  cutover  lands  and  virgin 
forests.  Forest  lands  predominate,  accounting  for  84 
percent  of  the  total  land  (excluding  water  surface. 
Photo  1-7).  Most  forest  acreage  lies  within  the 
boundaries  of  federally  owned  national  forests  and 
national  parks.  Urban  areas  are  almost  entirely  on  the 
lowlands  along  Puget  Sound.  Cropland  predominates 
along  the  rivers  and  especially  along  their  lower 
reaches.  Table  1 -2  shows  land  use  in  the  Area. 
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PRESENT  STATUS 


Both  ground  and  surface  water  sources,  the 
latter  predominating,  serve  the  demands  for  various 
uses  in  the  Area.  Photo  2-1  shows  one  source  of 
surface  water. 


PHOTO  2-1.  Watershed*  funnel  precipitation  into 
streams  and  rivers,  from  where  it  is  drawn  to  supply 
demand. 


GENERAL 

Water  supplies  for  municipal,  industrial,  rural- 
individual  and  recreational  purposes  are  considered  in 
this  report.  This  usage  accounts  for  659  million 
gallons  per  day  (mgd).  Figure  2-2,  which  shows  use 
characteristics,  reveals  that  most  of  the  municipal  and 
industrial  water  supplied  in  the  Area  is  used  in  three 
basins.  Appendix  III,  Hydrology  and  Natural  Environ- 
ment Supplement;  Water  Rights,  defines  and 
describes  all  purposes  of  use. 

Table  2-1  compares  water  used  in  each  basin  for 
municipal  and  industrial  purposes  with  water  supplied 
from  each  basin  for  these  purposes.  As  indicated, 
inter  basin  diversions  from  three  basins  serve  users  in 
other  basins.  The  Snohomish  and  Cedar-Green  Basins 
account  for  more  than  50  percent  of  the  water  use  in 
the  Area  but  furnish  more  than  60  percent  of  the 
water  supplied. 

Water  is  relatively  inexpensive  in  most  places 
within  the  Puget  Sound  Ana,  compand  to  the 
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Water  source  and  use  characteristics 


national  average.  In  particular,  industries  here  have 
traditionally  paid  low  rates  for  water,  resulting  in 
higher  water  use  than  in  water-short  areas  where 
water  is  more  expensive.  In  the  Puget  Sound  Area, 
water  rates  and  municipal  per  capita  water  use  both 
tend  to  decrease  as  the  municipality  size  increases. 
Nationally,  average  water  rates  follow  this  pattern, 
but  per  capita  water  use  does  not,  tending  to  increase 
in  larger  cities. 

Re-use  of  water  is  virtually  unknown  in  the 
Puget  Sound  Area.  The  long-standing  pattern  is  to 
divert  water  from  mountain  watersheds,  Photo  2-2, 
convey  it  to  the  population  and  industrial  complexes 
for  use,  then  dispose  of  waste  water  in  Puget  Sound. 


2-1 


TABLE  2-1.  Summary  of  municipal  and  industrial  system  supplies  and  use  (1965) 


Average 

daily 

Average  daily  water  supplied 
from  basin  (mgd) 

Basin 

water 
use  (mgd)a 

Surface 

Ground 

Total 

Nooktack  -Sumat 

72.4 

69.0 

3.4 

72.0 

Skagit-Samith 

29.0 

27.0. 

1 2.5“ 

1.6 

31.0 

Whidbay-Camano 

3.8 

— 1 — 

1.3 

1.3 

San  Juan 

0.6 

0.4 

0.2 

0.6 

Stillaguamiih 

2.2 

0.2 

2.1 

2.3 

Snohomish 

164.0 

161.0 
r~  33.  (P 

2.8 

197.0 

Cedar-Green 

165.0  -4- 

— 1 115,0. 
i—  72.0bc 

17.0 

204.0 

Puyallup 

100.0 

— 1 1.0 

37.0 

38.0 

Ni«)ually-Deschutss 

9.0 

1.0 

8.0 

9.0 

Watt  Sound 

48.0 

38.0 

11.0 

49.0 

Elwha-Dunganass 

65.0 

64.0 

1.0 

65.0 

Total,  all  basinsd 

— ' ' 

-- 

- — 

— — 

669.0 

684.0 

85.0 

669.0 

‘Figures  are  derived  from  1965  water  use  table,  page  2-3. 
b Arrow  indicates  interbasin  diversion. 


'Continuous  diversion  of  72  mgd,  whether  used  or  not,  Tacoma  Water  Division. 

d Average  water  use  and  average  water  supplied  do  not  agree  in  totals  since  diverted 

water  may  not  be  usad  due  to  short-term  quality  conditions  (for  example,  turbidity) 
or  continuous  operation  conditions  (diversion  completely  on  or  off,  with  excess 
water  wasted;  losses;  or  maintenance  use  such  as  system  flushing  after  odor 
complaint,  main  construction,  or  repair. 


PHOTO  2-2.  Upriver  diversions  and  reservoirs  tap  the 
abundant  water  resources  for  conveyance  to  high-use 
localities.  (Green  River  diversion  at  Palmer,  Tacoma 
Water  Department). 


The  large  quantities  of  low-cost  water  available  and 
the  particular  locational  pattern  essentially  obviate 
water  re-use.  Table  2-2  summarizes  1965  municipal 
and  industrial  water  use. 

Municipal 

Municipal  water  use  is  defined  as  water  served 
by  a public  or  private  purveyor  through  a distribution 
system.  Included  are  residential,  commercial,  and 
public  uses,  and  minor  industrial  uses  directly  related 
to  goods  and  services  for  the  local  population.  The 
latter,  therefore,  are  included  in  the  municipal  gallons 
per  capita  per  day  (gpcd)  use  figures. 

Municipal  water  use  presently  averages  219 
mgd,  as  shown  in  Table  2-2,  with  about  half  of  that 
total  being  used  by  Seattle.  Municipal  use  constitutes 
about  one-third  of  the  total  water  used  by  municipal 
and  industrial  consumers  in  the  Area.  Per  capita  water 
use  varies  from  city  to  city  because  of  a number  of 
factors  that  influence  the  rate  of  use.  Bellingham,  for 
example,  meters  very  few  of  its  deliveries  and  has  an 
exceptionally  high  rate  of  water  use,  in  part,  because 
some  of  the  water  supplied  to  industrial  users  cannot 
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TABLE  2-2.  Summary  of  Puget  Sound  Area  water  use  (1965) 


Esti- 

mated 

Surface  water 
usage  (mgd) 

Esti- 

mated 

Ground  water 
usage  (mgd) 

Esti- 

mated 

Total 

usage  (mgd) 

Basin  and  use 

lation 

served 

Average  Maximum 
daily  monthly 

lation 

served 

Average  Maximum 
daily  monthly 

iation  Average  Maximum 
served  daily  monthly 

NOOKSACK-SUMAS 

Municipal 

42.600 

9.0 

13.0 

16,800 

1.9 

2.6 

59,400 

10.9 

16.0 

Rural-Individual 

1,500 

0.1 

0.2 

16,500 

0.9 

1.8 

18,300 

1.0 

2.0 

Industrial 

— 

60.0 

65.0 

— 

0.6 

1.2 

60.6 

66.0 

Total 

44.400 

69.0 

78.0 

33,300 

3 4 

5.6 

77,700 

72.4 

84.0 

SKAGITSAMISH 

Municipal 

34,400 

3.5 

4.2 

5,800 

0.8 

1.1 

40,200 

4.3 

5.0 

Rural-Individual 

1,550 

0.1 

0.2 

13,750 

0.8 

1.6 

15,300 

0.9 

2.0 

Industrial 

— 

23.0 

27.0 

... 

... 

— 

23.0 

27  0 

Total 

35.950 

27.0 

31.0 

19,545 

1.6 

2.7 

55,500 

29.0 

34  0 

STILLAGUAMISH 

Municipal 

665 

0.1 

0.1 

6,135 

0.9 

1.5 

6,800 

1.0 

2.0 

Rural-Individual 

1,200 

0.1 

0.1 

10,900 

0.6 

0.9 

12,100 

0.7 

1.0 

Industrial 

-- 

— 

— 

... 

0.6 

4.0 

... 

0.6 

4.0 

Total 

1,865 

0.2 

0.2 

1 7,035 

2.1 

6.4 

18,900 

2.2 

7.0 

WHIDBEY-CAMANO  ISLANDS 

Municipal 

4,800 

1.0 

1.4 

11,385 

1.1 

2.2 

16,185 

2.1 

3.6 

Rural-Individual 

-- 

— 

— 

4.01F 

0.2 

0.4 

4,015 

0.2 

0.4 

Industrial 

— 

1.5 

1.8 

— 

... 

— 

— 

1.5 

1.8 

Total 

4,800 

2 5 

3.2 

15,400 

1.3 

2.6 

20,200 

3.8 

5.8 

SNOHOMISH 

Municipal 

147,930 

23.0 

28  0 

6,530 

0.6 

1.2 

154,760 

24.0 

29.0 

Rural-Individual 

3,540 

0.2 

0.3 

32,400 

1.8 

2.5 

35,940 

2.0 

3.0 

Industrial 

— 

138.0 

144.0 

— 

0,4 

0.7 

... 

138.0 

145.0 

Total 

151,470 

161.0 

172.0 

39,230 

2.8 

4.4 

190,700 

164.0 

177.0 

CEDAR-GREEN 

Municipal 

899,420 

94.0 

133.0 

125,800 

14.0 

21.0 

1,025,220 

108.0 

154  0 

Rural-Individual 

1,500 

0.1 

0.1 

13,500 

0.8 

1.0 

15,000 

1.0 

1.0 

Industrial 

~ 

54.0 

61.0 

— 

2.3 

2.7 

— 

56  0 

64  0 

Total 

900,920 

148.0 

194.0 

139,300 

17.0 

25.0 

1 ,040,220 

165.0 

219.0 

PUYALLUP 

Municipal 

151,200 

22.0 

29.0 

193,255 

22.0 

98.0 

344,455 

44  0 

127.0 

Rural-Individual 

75 



670 

0.1 

0.1 

745 

0.1 

0.1 

Industrial 

— 

41.0 

49.0 

15.0 

16.0 

— 

56.0 

65.0 

Total 

151,275 

63.0 

78.0 

193,925 

37.0 

115.0 

345,200 

1000 

193.0 

NISQUALLY  DESCHUTES 
Municipal 

11,680 

0.6 

1.3 

35,209 

48 

8.7 

46,389 

5 0 

10.0 

Rural-Individual 

2,300 

0.1 

02 

20,600 

1.1 

1.6 

22,900 

1.2 

1.8 

Industrial 

— 

0.2 

0.2 

... 

2.0 

2.4 

... 

2.2 

2.7 

Total 

1 3,980 

1.0 

2.0 

55,809 

8.0 

13.0 

69,300 

9.0 

14.0 

WEST  SOUND 

Municipal 

44,555 

7.3 

116 

64,695 

7.1 

14  6 

109,250 

14  0 

26.0 

Rural-Individual 

1,250 

0.1 

0.1 

1 1,400 

0.9 

1.3 

12,650 

1.0 

1.4 

Industrial 

30.6 

42.5 

... 

3.2 

3.8 

— 

34.0 

46.0 

Total 

45,850 

38.0 

54  0 

76,095 

11.0 

19 

121,900 

48.0 

73 

ELWHA  DUNGENESS 

Municipal 

17,672 

4.6 

8.2 

323 

... 

... 

18,000 

4.6 

8.2 

Rural-Individual 

1,200 

0.1 

0.1 

10,800 

0.5 

0.7 

12.000 

0.6 

0.8 

Industrial 

— 

59  2 

64  9 

— 

... 

— 

— 

590 

65.0 

Total 

18,872 

64.0 

73.0 

11,123 

1.0 

1.0 

30.000 

65.0 

74.0 

SAN  JUAN  ISLANDS 

Municipal 

1,642 

0.4 

0.9 

746 

0.2 

0.3 

2.388 

0.6 

1.2 

Rural-Individual 

— 

— 

— 

212 

... 

212 

— 

— 

Industrial 

... 

... 

— 

— 

— 

— 

— 

— 

— 

Total 

1,642 

0 4 

09 

958 

0.2 

0.3 

2,600 

0.6 

1.2 

TOTALS*7 


Municipal 

1 ,356,550 

165 

231 

467,000 

53 

151 

1,823,550 

219 

382 

Rural-Individual 

14,450 

1 

1 

134,700 

8 

12 

149,150 

9 

13 

Industrial 

— 

407 

455 

24 

31 

— 

43-1 

486 

Total 

1,371,000 

673 

687 

601,700 

85 

194 

1,972,700 

669 

881 

17  Figures  ere  rounded 
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be  segregated  from  that  supplied  for  municipal  use. 
Total  average  daily  municipal  water  use  in  the  Puget 
Sound  Area,  for  a served  population  of  1 ,823,000,  is 
about  120  gpcd.  Table  2-3  shows  present  municipal 
per  capita  water  use  (gpd)  for  the  major  cities  in  the 
Area. 


TABLE  2-3.  Municipal  per  capita  water  use  G.P.C.D. 
in  major  water  systems  (1965) 


Basin 

System 

Estimated 

population 

served 

Aver- 

age 

daily 

water 

use 

(gpcd)a 

Nooksack-Sumas 

Bellingham 

40,000 

220 

Skaflit-Samish 

Anacortes 

10,000 

140 

Snohomish 

Everett 

135,000 

160 

Cedar-Green 

Seattle 

887,000 

130 

Puyallup 

Tacoma 

158,000 

140 

Nisquallv-Deschutes 

Olympia 

22,600 

120 

West  Sound 

Shelton 

5,800 

170 

Bremerton 

42,000 

160 

Port  Townsend 

7,500 

200 

Elwha-Dungeness 

Port  Angeles 

15,700 

240 

Total  (weighted  average) 

1 ,324,000 

140 

"Excludes  major  water-using  industries. 


Adequacy  of  water  to  be  ingested  by  human  is 
determined  by  a series  of  quality  parameters  which 
describe  its  physical,  chemical,  and  bacteriological 
characteristics.  In  addition,  the  source  of  these  waters 
should  be  subjected  to  periodic  sanitary  surveys  by 
qualified  public  health  authorities  to  determine  if  any 
potential  hazards  exist. 

Quality  criteria  for  public  drinking  water  use 
have  been  developed  by  the  water  works  industry  and 
public  health  authorities  through  years  of  experience. 
Although  these  criteria  may  vary  from  state  to  state 
or  region  to  region,  depending  upon  local  contami- 
nants, there  has  been  almost  universal  acceptance  of 
the  “Drinking  Water  Standards”  promulgated  by  the 
Public  Health  Service.  These  Standards,  initially 
adopted  in  1914  for  potable  water  used  by  common 
carriers  subject  to  the  Federal  Quarantine  Regula- 
tions, have  been  periodically  expanded  and  updated, 
with  the  latest  revision  being  made  in  1962.  This 
revision  was  officially  endorsed  by  the  American 
Water  Works  Association  as  minimum  standards  for 
all  public  water  supplies. 

Although  drinking  water  standards  are  appli- 
cable to  water  as  it  comes  from  the  tap,  complete 
conventional  treatment  including  disinfection  gener- 
ally produces  little  change  in  raw  water  quality 


characteristics  except  some  physical  and  bacteriologi- 
cal parameters  and  a few  dissolved  chemical  constitu- 
ents, such  as  iron  and  manganese.  Therefore,  recom- 
mended limits  for  trace  metals,  radioactivity  and 
pesticides  in  the  raw  water  are  the  same  as  those  for 
finished  water  regardless  of  treatment  provided  and 
should  be  used  as  criteria  in  selecting  sources  or 
treatment  of  a raw  water  supply.  The  following  is  a 
list  of  some  of  the  more  important  dissolved  chemical 
constituents  and  their  respective  recommended  maxi- 
mum concentrations. 


Concentration 

Substance 

(mg/1) 

Arsenic  (As) 

0.01 

Barium  (Ba) 

1.0 

Boron  (B) 

1.0 

Cadmium  (Cd) 

0.01 

Carbon  Chloroform 

Extract  (CCE) 

0.2 

Chloride  (Cl) 

250 

Chromium 

(hexavelent,  Cr+6) 

0.05 

Copper  (Cu) 

1.0 

Cyanide  (CN) 

0.01 

Detergents  (Methylene 

Blue  Active  Substances) 

0.5 

Fluoride  (F) 

50.0-58 J°F 

1.8 

58.4-70.6°F 

1.5 

70.7-90 .5°F 

1.2 

Iron  (Fe) 

0.3 

Lead  (Pb) 

0.05 

Manganese  (Mn) 

0.05 

Nitrogen  (in  nitrate 

or  nitrite  form) 

10.0 

Phenols 

0.001 

Selenium  (Se) 

0.01 

Silver  (Ag) 

0.05 

Sulfate  (SO4) 

250 

Total  Dissolved  Solids 

500 

Uranyl  Ion  (UO2++) 

5.0 

Zinc  (Zn) 

5.0 

Other  characteristics  which  may  have 
deleterious  physiological  effect  or  which  may  be 
excessively  corrosive  to  the  distribution  system 
should  not  be  permitted  in  the  raw  water  supply. 

Acceptability  of  drinking  water  from  a 
radioactivity  standpoint  is  generally  monitored  by 
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routinely  measuring  its  gross  beta  activity  and 
periodically  analyzing  for  two  of  the  more  common 
specific  contaminants,  Radium-226  and 
Strontium-90.  Recommended  limits  for  these  criteria 
are: 


Substance 

R.226 

St*> 

Gross  Beta 


Concentration 
(pico  curries  per  liter-pc/1) 

3 

10 

1,000 


significant  impact  on  the  suitability  and  treatability 
of  waters  for  human  consumption.  Recommended 
limits  for  these  criteria  for  treated  and  non-treated 
supplies  are  as  follows: 

No  T rsstment  or  Conventional 

Characteristic  Disinfection  Only  Treatment 


Turbidity 

(turbidity  units)  5 

lolor  (color  units)  16 

Odor  (threshold 
odor  number)  3 


Variable  (depending 
upon  treatability) 
76 

6 


A wide  variety  of  synthetic  organic  substances 
have  been  developed  to  control  nuiaance  insect  and 
plant  growths.  Many  of  these  compounds  have  found 
their  way  into  our  waterways  and  have  caused  limits 
for  these  substances  in  drinking  water  to  be  estab- 
lished. Some  of  the  more  common  pesticides  and 
their  corresponding  limiting  concentrations  are  pre- 
sented as  follows: 

Pesticide 


Endrln 
Aldrin 
OMdrtn 
Lindane 
Toxaphane 
HeptacMor 
Heptachlor  Epoxide 
DDT 

GtnOluinV 

Methoxychlor 
Total  Organophosphorous 
and  Carbamate  Compounds 
(exp  raw  id  in  farms  of 
Parathlon  Equivalent 
eholtnastsraae  IrMbMona)  0.1 

2.4.5-TP  Individual  Hmltt  - 0.1  mtf  I.  Sum 
2,4fi-T  of  any  combination  of  chlorinated 

2.44)  Phenoxy  alkyl  pasticidn  > 0.1  m^l. 

The  physical  characteristics  of  a raw  water 
supply  are,  for  the  most  part,  alterable  through 
conventional  treatment  procesaes,  and  different  limits 
are  recommended,  depending  upon  the  type  of 
treatment  provided.  The  physical  parameters  usually 
used  to  measure  the  suitability  of  water  for  human 
consumption  are  color,  odor  (and  taste),  turbidity, 
and  sometimes  temperature.  The  latter  criteria  is 
primarily  an  aesthetic  consideration,  and  the  general 
rule  it  that  drinking  water  temperature  should  be 
below  85°F  and  not  more  than  5*F  above  ambient 
temperatures.  The  other  three,  however,  can  have  a 


The  traditional  method  for  evaluating  the 
bacteriological  quality  of  drinking  waters  has  been 
identification  of  the  coliform  group  of  bacteria. 
Examination  for  these  non -pathogenic  organisms  pro- 
vides an  indicator  of  the  disease -producing  potential 
of  the  water.  The  conform  group,  however,  contains 
subgroups  not  only  of  fecal  origin,  but  also  those  that 
are  found  naturally  in  toil,  on  plants  and  insects  and 
in  older  pollution  sources.  To  estimate  the  prob- 
ability of  viable  pathogens  being  present,  therefore, 
the  cobform  and  fecal  coliform  organisms  should  be 
measured  (the  latter  being  indicative  of  recent  fecal 
pollution),  but  the  data  must  be  correlated  with 
sanitary  surveys  to  determine  its  significance.  Since 
the  conventional  treatment  procesaes  are  capable  of 
meeting  drinking  water  bacterial  standard!,  the 
recommended  limits  are  contingent  upon  treatment 
provided.  The  limits  are  monthly  arithmetic  averages 
based  upon  an  adequate  number  of  samples.  The  total 
coliform  density  limits  may  be  exceeded  if  the  fecal 
coliform  limit  is  within  the  limits  specified  below: 

No  Disinfection  Complete 
Ofgantan  Treatment  Only  Treatment 

Total  conform 

(par  100  ml)  0 100  20,000 

Fecal  conform 

(par  100  ml)  0 20  4,000 


Because  the  above  criteria  apply  to  water  for 
human  consumption,  if  the  limits  are  met,  these 
waters  should  be  equally  acceptable  for  food  proces- 
sing and  most  other  municipal  or  industrial  uses.  For 
specialized  uses  such  as  boiler  feed  water,  additional 
treatment  to  prevent  excessive  scale  formation  would 
be  necessary;  however,  any  additional  specialized 
conditioning  of  these  such  waters  would  be  minimal. 


Maximum  PermMMe 
Concentration  mg/I 


0.001 

0.017 

0017 

0.066 

0.006 

0J018 

0.018 

0042 

0.003 

0038 
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Industrial 

Industrial  water  use  averages  about  431  mgd, 
which  represents  about  65  percent  of  the  total  used 
by  municipal  and  industrial  consumers.  Of  this 
amount,  about  407  mgd,  or  95  percent,  is  supplied 
from  surface  water  sources.  Part  of  the  industrial 
water  use  is  included  in  the  municipal  per  capita  use 
figure,  as  mentioned  in  the  preceding  paragraphs 
describing  municipal  use.  A much  larger  portion, 
however,  reflects  the  needs  of  a few  large  water-using 
industries  that  are  not  directly  related  to  the  local 
population.  The  size  and  location  of  these  industries 
relate  to  such  factors  as  access  to  raw  material,  access 
to  market,  power  and  labor  costs,  water  supply,  waste 
disposal,  and  economics  of  scale  (plant  size).  Photo 
2-3  shows  a portion  of  a water  system  that  supplies 
both  municipal  and  industrial  demand. 

Table  2-4  summarizes  the  location,  by  basin, 
and  the  amount  of  water  used  by  major  industries. 
Many  of  the  individual  plants  for  industries  shown  in 
Table  2-4  obtain  their  water  through  municipal 
systems,  and  probably  will  continue  to  receive  water 
from  these  systems.  But  their  present  demand  and 
future  needs  are  analyzed  separately  because  their 
size  and  location  are  not  directly  related  to  total 
population  and  their  water  supplies  could  conceivably 
be  independent  of  municipal  supplies. 

The  pulp  and  paper  industry  is  by  far  the  most 
important  in  terms  of  the  quantity  of  water  used. 
This  industry  accounts  for  72  percent  of  the  total 
water  used  by  all  industries-an  average  demand  of 
313  mgd.  Almost  all  water  used  in  pulp  and  paper 
manufacturing  comes  from  surface  water  sources. 

The  chemical,  metal,  and  oil  industries  (in- 
cluding oil  refining  and  primary  metals)  constitute 
the  second  largest  water-using  industrial  group. 


PHOTO  2-3.  Storage  facilities  near  the  point  of 
consumption  furnish  water  for  the  immediate  needs 
of  users,  large  and  small.  (Water  supply  reservoir, 
Tacoma  Water  Department). 

accounting  for  75.2  mgd  (17.4  percent)  of  the  total 
industrial  water  used.  About  98  percent  of  this 
demand  is  supplied  from  surface  water  sources. 

Cooling  water  makes  up  about  20  percent  of 
the  total  industrial  water  use.  Most  of  this  is  fresh 
water  used  in  the  petroleum  and  metal  refining 
industries.  About  84  percent  of  the  total  water  used 
in  these  industries  is  for  cooling.  A high  proportion 
(55  percent)  of  the  water  used  in  milk  processing  is 
for  cooling,  but  the  total  quantity  is  comparatively 
minor. 

Salt  water,  although  not  included  in  the  water 
use  accounting  here,  is  used  in  significant  quantities 
for  cooling  in  the  chemical,  metal,  oil,  and  pulp  and 
paper  industries.  Salt  water  approximates  13  percent 
of  all  industrial  water  used  in  the  Area. 


TABLE  2-4.  Summary  of  industrial  water  use  (mgd)  (1965)- 


Basin 

Paper 

and 

allied 

Oil 

refining 

Food 

and 

kindred 

Lumbar 

and 

wood 

Chemical, 

metals, 

oils 

Stone, 

day, 

glass 

Primary 

metals 

Other 

Total 

Nook  sack -Su  mss 

46.4 

2.8 

2.6 

_ 

8.0 

06 

60.5 

Skagit-Samish 

6.5 

7.0 

4.9 

— 

16 

— 

— 

1.8 

21.1 

Stlllagu  smith 

— 

— 

0.6 

— 

— 

— 

— 

— 

0.6 

Whidbey-Camano  Islands 

— 

— 

— 

— 

— 

— 

— 

1.5 

1.6 

Snohomish 

134.0 

mmm 

16 

2.2 

— 

— 

— 

139.2 

Cedar-Groan 

— 

4.3 

46 

406 

1.0 

— 

6.? 

66  6 

Puystkip 

38.4 

— 

2.1 

1.7 

6.7 

06 

6.4 

1.0 

56.1 

N tactual  ly-Daschutes 

— 

— 

1.6 

04 

— 

0.2 

— 

26 

Wast  Sound 

20.7 

— 

— 

1.2 

26 

— 

— 

— 

21.1 

Elwhe-Dungenest 

60.2 

— 

— 

— 

— 

— 

— 

- 

89.2 

San  Juan  Islands 

— 

— 

— 

— 

— 

— ■ • 

— 

— 

— 

Total 

313.2 

06 

17.7 

10.4 

604 

2.0 

14.4 

124 

4306 

Rural-Individual 

About  150,000  persons  in  rural  localities 
(Photo  2-4)  rely  on  small  individual  systems  such  as 
wells  or  local  surface  sources  for  water  supplies.  No 
actual  water  use  data  are  available  for  these  systems; 
therefore,  an  average  per  capita  figure  of  55  gpd  is 
assumed  in  determining  this  component.  Estimates  of 
rural-individual  water  use  show  consumption  of  8.7 
mgd,  or  about  1.3  percent  of  the  Area’s  total 
municipal  and  industrial  water  use.  Probably  about 
90  percent  of  the  rural-individual  population  draw 
from  ground-water  sources,  and  the  remaining  10 
percent  receive  water  from  surface  sources.  Table  2-2 
includes  a summary  of  rural-individual  water  use. 


PHOTO  2-4.  Most  rural  and  small-community  resi- 
dents receive  water  from  ground  sources. 


Recreational 

Recreational  demand  for  domestic  water  is  an 
important  factor  in  any  plan  concerned  with  pro- 
viding adequate  water  supplies.  Totals  cited  here  for 
such  demands  were  baaed  on  estimates  by  the  Puget 
Sound  and  Adjacent  Water  Study’s  Recreation  Tech- 
nical Committee.  Domestic  water  use  relating  directly 
to  recreational  activities  in  the  Puget  Sound  Area 
averages  35  gallons  per  recreation  man-days,  for  a 
total  use  of  2.275  billion  gallons  (an  average  of  6.23 
mgd  for  the  entire  year).  Recreational  use,  Photo  2-5, 
is  seasonal,  with  summer  months  showing  the  highest 
consumption.  Federal  and  State  lands  and  urban 
parks  account  for  a large  part  of  this  use. 

This  consumption  is  partially  included  in  muni- 
cipal and  rural-individual  water  use.  It  is  assumed  that 
30  percent  of  the  demand  from  supplies  in  recrea- 
tional sites  is  already  included  in  the  present  status 
inventory.  The  balance  of  the  recreational  water 


PHOTO  2-5.  Recreet  ion  lets  create  a significant 
demand  for  water,  both  in  wilderness  surroundings 
and  in  more  formal  settings. 


requirements,  or  an  estimated  4.4  mgd  (25  gallons  per 
recreation  man-day),  should  be  added  to  the  muni- 
cipal and  rural-individual  totals  for  the  basins  that 
contain  these  sites.  Certain  areas-notably  National 
Forest  and  National  Park  recreation  developments- 
account  for  a large  port  of  this  use. 

SURFACE  WATER 


Surface  sources  predominate  as  the  major  water 
suppliers  in  the  Pi^et  Sound  Area.  Al  major  urban 
centers  are  relatively  due  to  iargs  quantitiaa  of 
high-quality  surface  water.  Pixrto  2-6  shows  a typical 
surface  water  source.  More  than  75  percent  (615 
mgd)  of  the  municipally  sarveo  parsons  and  94 
percent  (408  mgd)  of  all  munidpal  and  industrial 
consumers  in  the  Area  receive  water  from  them 
sources,  using  about  553  million  gallons  of  surface 
water  per  day.  Present  sources  ste  more  than  ade- 
quate to  satisfy  existing  and  immediate  future  needs 
in  most  localities.  The  increased  urbanization,  indue- 
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nearly  half  the  total  runoff  in  the  Area.  In  addition  to 
large  annual  differences  in  runoff,  even  larger  varia- 
tions occur  with  time.  The  sections  of  this  appendix 
dealing  with  the  individual  basins  describe  seasonal 
variations  in  more  detail.  Fluctuations  in  runoff 
volume  cause  periods  of  flooding  and  periods  of 
extreme  lowflow.  Thus,  localized  water  shortages 
occur  despite  the  abundant  overall  water  supply,  and 
periodic  overabundance  causes  flood  damage  in  some 
lowland  localities.  Studies  of  the  frequency  and 
severity  of  floods  and  lowflows  are  essential  if 
water -management  planning  is  to  lessen  the  impact  of 
such  variations. 


PHOTO  2-6.  Surface  water  sources  supply  88  percent 
of  municipal  and  industrial  water. 


TABLE  2-5.  Estimated  average  annual  runoff  in  the 
Puget  Sound  Area. 


trialization,  and  population  growth  projected  for  the 
Area,  however,  requires  that  water  resources  be 
identified  and  that  future  demands,  sources,  and 
controls  be  determined  so  appropriate  programs  can 
be  instituted  to  ensure  an  adequate  supply  of  fresh, 
relatively  inexpensive,  dean  water. 


Quantity  and  Distribution 

Analysis  of  the  average  runoff  of  all  rivers  ii 
the  Area  provides  an  indication  of  surface  watei 
resources.  Figure  2-3  shows  the  relative  magnitude  of 
the  average  discharge  of  the  larger  streams  in  the 
Area.  Although  some  subsurface  flow  leaves  the 
basins  and  is  not  measured  as  runoff,  the  quantity  of 
water  escaping  in  this  manner  is  relatively  insignifi- 
cant in  the  larger  watersheds.  Surface  runoff  data, 
therefore,  give  a fairly  accurate  measure  of  the  total 
surface  water  supply,  including  water  released  from 
natural  storage  (lakes  and  ponds)  within  the  basins. 

In  the  Puget  Sound  Area,  the  total  runoff  from 
1931  to  1960  averaged  about  39  million  acre-feet 
annually,  or  an  average  of  about  34.5  billion  gallons 
per  day.  Despite  the  large  total  supply  in  the  Area, 
however,  water  is  not  always  available  where  and 
when  it  is  needed  to  meet  existing  average  and  peak 
needs,  and  this  situation  probably  will  worsen  with 
increased  future  needs.  Average  annual  runoff  ranges 
from  less  than  15  inches  per  unit  area  in  some  of  the 
northern  lowlands  to  as  much  is  140  inches  in  a few 
mountain  localities.  Table  2-5  lists  the  estimated 
average  runoff  for  the  1 1 study  basins. 

Data  in  Table  2-5  for  the  various  basins  show  a 
large  disparity  in  average  depth  and  volume  runoff. 
The  Skagit-Samish  and  Snohomish  Basins  contribute 


*Doa*  not  inclod*  inflow  from  Canada. 

'’Estimated. 

Source  Appendix  III,  Hydrology. 

Quality 

Surface  water  in  the  Area  requires  a minimum 
of  treatment  in  order  to  produce  an  excellent  quality 
water  for  industrial  and  municipal  use.  These  waters 
require  chlorination  and  some  form  of  turbidity 
control.  Turbidity  is  usually  controlled  by  sedimenu- 
tion  in  storage  reservoirs.  The  more  turbid  waters  are 
diverted  away  from  impoundments.  In  some  cases  the 
melting  of  glaciers  causes  a turbidity  which  requires 
chemical  treatment  and  filtration  before  an  adequate 
water  supply  is  realized.  Increasing  water  quality 
standards  and  watershed  usage  is  causing  a trend 
toward  filtration  for  surface  water  supplies.  The  low 
dissolved  solids  and  low  hardness  are  especially 
desirable  from  an  aesthetic  point  of  view  in  municipal 
supplies.  These  characteristics  are  also  very  important 
in  industrial  applications  such  as  high  dissolving  wood 
pulpt  and  steam  boilers. 


Baain 

Drain- 

age 

area 

(aq  mi) 

Avaraga  annual  runoff 
1031-60 

Dapth  Volume 

(inches)  (acre-fast) 

Nook  tacfc-Su  mas 

1.362 

55 

3,700,000 

Skagit-SamMi 

3,025 

71 

1 1 ,500,000* 

Stillaguamiah 

600 

80 

2.940,000 

Snohomish 

1,900 

70 

7,090,000 

Cadar-Gisan 

1,151 

36 

2,210,000 

Puyallup 

1,217 

41 

2,660,000 

Niaqually-Oaachutsa 

1,016 

36 

1,950,000 

Watt  Sound 

2,018 

46 

4,950,000 

Elwha-Oungansa 

eeo 

46b 

1,660,000. 

WhMbay-Camano 

200 

10° 

111,00<r 

San  Juan 

176 

10** 

94,000b 

Total  or  avaraga 

13,365 

56 

38,866,000 

SNOHOMISH 


Phy*Jc*l-The  temperature  of  a stream  is  as 
important  as  other  aspects  of  its  quality.  Where  there 
is  a temperature  of  over  15.6#C  (60°F)  in  domestic 
water,  an  aesthetic  problem  of  acceptability  can 
occur.  Temperatures  of  streams  in  the  Study  Area  are 
rather  low  throughout  most  of  the  year,  although 
values  exceeding  23.9*C  (75°F)  have  been  measured 
in  streams  on  the  east  side  of  Puget  Sound  during 
July  and  August.  On  the  Olympic  Peninsula,  streams 
warmer  than  21 .1°C  (70°F)  are  rare. 

Knowledge  of  the  processes  of  erosion  and 
sedimentation  is  important  in  optimizing  the  bene- 
ficial uses  of  water  resources.  In  a region  such  as  the 
Puget  Sound  Study  Area,  where  heavy  rainfall  occurs, 
large  volumes  of  rock  and  soil  erode  from  upland 
elevations.  Swift  streams  and  rivers  transport  the 
eroded  material  downstream,  in  some  cases  consider- 
able distances.  During  an  average  year,  the  Skagit 
River,  largest  stream  in  the  Area,  transports  about  10 
million  tons  of  suspended  sediment,  at  least  five  times 
the  sediment  load  carried  by  any  other  stream  in  the 
Area.  Most  sediment  is  transported  during  periods  of 
high  runoff.  During  lowflows,  many  streams  are  clear 
and  have  suspended-sediment  concentrations  of  20 
milligrams  per  liter  (mg/1)  or  less.  Streams  fed  by 
glacial  melt  water-Nooksack,  Skagit,  Puyallup,  and 
NisquaUy  Rivers— are  often  turbid  and  sediment- 
laden, particularly  in  warm  weather.  Where  turbidities 
exceed  the  allowable  limits,  fye  (5)  Jackson  Turbid- 
ity Units  (JTU)  at  present,  turbidity  must  be  removed 
by  treatment  plants  or  by  settling  reservoirs. 

Chemical-Surface  water  in  the  Study  Area  is  a 
calcium-bicarbonate  type,  of  low  diaaolved  solids 
content,  and  of  excellent  quality  for  most  uses. 
Dissolved  solids  in  most  streams  usually  amount  to 
less  than  75  mg/1,  and  in  some  streams  may  be  less 
than  20  mg/1  at  times.  Hardness  of  the  water  is  also 
low,  generally  lest  than  60  mg/1.  The  chemical 
composition  of  the  various  area  streams  is  identified 
in  the  individual  basin  reports  in  succeeding  sections. 

Bacteriological -Bacterial  quality  in  the  head- 
waters is  excellent,  as  indicated  by  low  coliform 
counts.  Individual  basin  reports  give  dtUils  of 
bacteria  counts.  Low  counts  are  evident  particularly 
in  municipal  watersheds  where  access  is  controlled. 
However,  where  agricultural  drainage  and  municipal 
wastes  are  permitted  to  enter  streams,  bacterial 
counts  increase  significantly. 


GROUND  WATER 

Ground  sources  supply  only  a small  percentage 
of  the  water  used  in  the  Puget  Sound  Area-about  85 
million  pllons  daily.  But  it  is  conservatively  esti- 
mated that  acquifers  in  the  Area  are  sufficiently 
replenished  annually  to  provide  an  optimum  supply 
of  about  650  mgd.  Even  though  it  is  impossible  to 
recover  all  the  estimated  supply,  it  is  obvious  that  a 
largely  untapped  resource  is  available  if  it  is  needed  in 
the  future.  Rural-individual  users,  Photo  2-7,  obtain 
about  90  percent  of  their  water  from  ground-water 
sources. 


PHOTO  2-7.  Ground  water  supplies  most  rural  uses, 
including  irrigation,  as  well  as  a portion  of  municipal 
and  industrial  consumption. 


Quantity  and  Distribution 

Aquifers  with  the  most  favorable  water-bearing 
properties  occur  in  recessional  out  wash,  alluvium,  and 
gravel  and  sand  deposits.  These  aquifers  usually 
contain  fresh  water  at  depths  as  much  as  a few 
hundred  feet  below  sea  level,  except  in  near-shore 
localities,  where  aquifers  lesa  than  200  feet  deep  may 
contain  aea  water.  In  some  localities  near  shorelines 
(for  example,  near  Tacoma,  Shelton,  Bremerton,  and 
Sequim),  fresh  water  occurs  at  great  depths-as  much 
aa  1,500  feet  below  tea  level. 

Opportunities  for  obtaining  ground  water  in  the 
Study  Area  are  most  favorable  south  of  Seattle, 
where  zones  of  water-bearing  coarse  sand  and  gravel 
in  both  recessional  outwaah  and  tubtill  strata  are 
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relatively  abundant  in  comparison  to  northern  local- 
ities. In  the  region  south  of  Seattle,  ground  water  is 
used  for  municipal,  irrigation,  and  industrial  supply 
to  a greater  extent  than  farther  north. 

Figure  2-4  shows  generalized  well  yields  that 
may  be  expected  in  the  Study  Area.  This  profile  is 
based  largely  on  production  of  existing  wells.  Yields 
could  be  obtained  locally  that  are  either  much  greater 
or  much  less  than  shown  by  the  map.  The  amount  of 
ground  water  that  can  be  recovered  beneficially  at  a 
particular  location  depends  on  factors  such  as  well 
spacing,  thoroughness  of  well  construction  and  com- 
pletion, and  potential  deterioration  of  water  quality. 
Appendix  III,  Hydrology  and  Natural  Environment, 
contains  detailed  data  on  well  yields. 

Data  on  availability  of  ground  water  in  the 
lowlands  of  each  basin,  except  San  Juan  Islands,  are 
based  on  estimates  of  natural  recharge  of  aquifers  by 
precipitation.  The  average  annual  recharge  in  the 
lowlands  of  the  Study  Area  is  conservatively  esti- 
mated as  800,000  acre-feet.  Although  a large  volume 
of  water  is  available,  certain  problems  might  become 
critical  as  development  of  large  ground-water  supplies 
keeps  pace  with  the  expected  increased  demand.  For 
example,  high  iron  content  and  excessive  hardness 
limit  many  industrial  and  domestic  uses  of  ground 
water  in  some  areas.  Salt  water  encroachment,  now 
detected  only  locally,  could  increase  as  a result  of 
excessive  pumping  in  shoreline  localities.  Bacterial 
contamination  of  shallow  aquifers  poses  a problem  in 
densely  populated  areas  where  individual  household 
water  supplies  are  taken  from  shallow  wells  and 
sewage  is  disposed  of  through  septic  tanks.  The 
improper  location  or  operation  of  refuse-disposal 
facilities  could  also  cause  serious  ground-water  con- 
tamination. 

Quality 

Much  of  the  ground  water  in  the  Study  Area  is 
chemically  satisfactory  and  of  uniform  low  tempera- 
ture. Dissolved  solids  are  generally  less  than  200  mg/1, 
and  hardness  values  are  usually  less  than  80  mg/1. 
Ground-water  temperatures  are  usually  about  9°C 
(50°F).  Iron  content  is  objectionable  in  a few 
localities,  particularly  in  river  bottom  areas.  High  iron 
content  (more  than  03  mg/1)  has  been  reported  also 
for  well  waters  from  some  of  the  deeper  aquifers. 
However,  this  is  not  necessarily  representative  of 
deeper  zones,  but  may  be  the  result  of  well  construc- 
tion that  permits  iron-bearing  water  to  enter  the  well 
from  shallow  aquifers.  In  some  localities  near  shore- 


lines, ground  water  is  highly  mineralized  because  of 
the  encroachment  of  sea  water  into  fresh-water  zones 
as  a result  of  pumping.  Potential  sea  water  encroach- 
ment may  be  indicated  by  high  concentrations  of 
chloride.  In  general,  chloride  concentrations  in 
ground  water  in  the  Area  are  less  than  10  mg/1,  but 
may  be  somewhat  greater  in  localities  underlaid  by 
Tertiary  Age  rocks  containing  saline  waters. 

SOURCE  DEVELOPMENT 

General 

Watershed  areas  totaling  some  500  square  miles, 
as  shown  on  Figure  2-5,  provide  the  major  source  of 
fresh  water  for  the  Puget  Sound  Area.  As  the  region 
developed,  encroachment  on  the  watersheds  became 
an  increasing  problem,  and  many  cities,  recognizing 
the  requirements  for  the  future,  took  steps  to  gain 
more  positive  control  over  these  areas. 

Seattle,  Tacoma,  and  Bremerton  gained  control 
by  outright  purchases  of  portions  of  their  watersheds. 
Seattle  purchased  the  Cedar  River  watershed  above 
Landsburg;  Bremerton  purchased  portions  of  the 
Union  River  watershed;  and  Tacoma  purchased  26 
miles  of  river  access  on  the  Green  River.  Additionally, 
Seattle  and  Tacoma  entered  into  agreements  with 
large  private  timber  holders  and  the  US.  Forest 
Service  to  provide  management  for  and  limit  access  to 
their  watershed  areas  to  ensure  that  adequate  water 
quality  is  maintained.  Photos  2-8  and  2-9  show 
watershed  improvements. 

Access  to  watersheds  in  the  Area  is  limited  in 
many  cases  by  their  remote  locations  and  lack  of 
roads.  In  addition,  access  through  available  roads  is 
carefully  controlled.  Recreational  use  of  the  water- 
sheds is  discouraged,  though  completely  restricted 
only  in  the  Bremerton  and  Seattle  watersheds. 
Logging  activities  in  these  areas  are  closely  supervised, 
and  other  activities,  such  as  summer  cattle  grazing, 
are  strictly  controlled. 

The  watersheds  and  ground  water  sources  have 
been  adequately  developed  to  meet  present  needs 
throughout  the  Puget  Sound  Area.  Their  capability  to 
provide  sufficient  water  for  future  development  varies 
widely  from  basin  to  basin,  but  only  on  the  San  Juan 
Islands  and  Whidbey  Island  are  present  sources  near 
their  ultimate  capacity. 

The  Water  Departments  of  Everett,  Seattle,  and 
Tacoma  have  tentatively  agreed  on  service  areas. 
These  areas  shown  on  Figure  2-5  by  a water  system 
division  line  appears  to  be  the  logical  service  areas  to 
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UNITCD  STATES 


PHOTO  2-8.  Stream  bed*  are  cleared  to  insure  good 
quality  water. 


PHOTO  2-9.  Debris  removal  is  a major  task  in 
preparation  for  reservoir  impoundment. 


meet  the  water  needs  of  the  Snohomish,  Cedar-Green, 
and  Puyallup  Basins. 

Municipal  Supply  Development 

Bellingham-  Bellingham  obtains  water  through 
a diversion  from  the  Middle  Fork  of  the  Nooksack 
River.  Water  flows  through  a system  of  pipelines  and 
open  channels  to  Lake  Whatcom,  which  acts  as  a 
terminal  reservoir  prior  to  treatment  and  distribution 
to  residential,  commercial,  and  industrial  users  in  the 
city.  The  Middle  Fork  originates  in  glacial  fields  and 
normally  carries  high  levels  of  turbidity.  This  turbid 
water  has  not  affected  materially  the  quality  of  Lake 
Whatcom,  which  acts  as  a settling  basin.  Bellingham’s 
water  right  on  the  Middle  Fork,  in  conjunction  with 
other  water  naturally  draining  into  20,000  acre-foot 
Lake  Whatcom,  presently  provides  an  adequate 
supply  for  the  city.  Construction  of  a complete  water 
filtration  plant  to  improve  the  quality  for  municipal 
use  began  in  1968. 


Everett -The  Sultan  River,  a tributary  of  the 
Skykomish  River,  is  the  source  of  Everett’s  water 
supply.  The  recently  completed  Sultan  Dam  project 
provides  a multi-purpose  storage  reservoir  of  34,500 
acre-feet  (20,000  acre-feet  usable  storage).  The  reser- 
voir is  now  used  as  a storage  area  for  municipal  and 
industrial  water;  plans  call  for  its  future  use  in 
producing  hydroelectric  power.  Water  diverted  fron 
the  Sultan  River  is  reregulated  in  Lake  Chaplain,  an 
off-stream  storage  reservoir  of  14,000  acre-feet,  and  is 
then  piped  to  the  city  of  Everett.  The  Sultan  storage 
development  ensures  adequate  quantities  of  water  for 
many  years  to  come.  Heretofore,  Everett  has  relied 
on  simple  disinfection  of  its  water  supply.  However,  a 
report  made  in  1967  by  the  State  Health  Department 
and  the  U.S.  Public  Health  Service  recommended 
further  engineering  study  of  the  quality  and  treat- 
ment aspects  in  view  of  increasing  watershed  usage 
and  natural  turbidity. 

Seattle— In  1901,  Seattle  developed  the  Cedar 
River  system,  a storage  reservoir  at  Chester  Morse 
Lake  with  a usable  capacity  of  23,000  acre-feet  and  a 
reregulation  reservoir  at  Lake  Youngs,  as  its  primary 
source  of  water  supply.  In  recent  years  Seattle  has 
developed  the  South  Fork  of  the  Tolt  River,  a 
tributary  of  the  Snoqualmie  River,  for  additional 
supply.  A storage  structure  impounding  about  60,000 
acre-feet  of  water  was  developed  solely  for  municipal 
and  industrial  needs.  This  latest  development  will 
provide  adequate  water  supplies  for  Seattle  through 
1975.  Water  quality  of  both  systems  is  excellent. 

Tacoma- The  primary  source  of  Tacoma’s 
water  supply  is  the  Green  River.  Water  is  diverted  to 
Tacoma  from  the  river  3 miles  below  Howard  A. 
Hanson  Dam  by  means  of  a 42 -mile  pipeline.  During 
heavy  rain,  and  for  short  periods,  the  river  becomes 
turbid.  This  causes  Tacoma  to  rely  on  its  extensive 
well  field  and  storage  development  with  the  system. 
Otherwise,  the  Green  River  provides  good  quality 
water  for  Tacoma.  The  city  is  planning  further 
development  of  the  river,  including  increased  storage 
and  a new  pipeline,  to  meet  increased  needs.  The 
ground  water  supply  is  also  of  good  quality,  and 
development  of  more  peaking  wells  is  planned. 

Bremerton -Bremerton  relies  on  both  surface 
and  ground  water  for  its  source  of  supply.  Several 
small  streams  and  seven  wells  make  up  the  system, 
which  also  includes  a surface  storage  reservoir. 
Bremerton  is  approaching  its  capacity  to  supply 
consumers  and  is  in  the  process  of  seeking  new 
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sources.  The  quality  of  the  water  is  satisfactory,  and 
disinfection  is  the  only  treatment  provided. 

Net  Angelas  Morse  Creek,  a small  stream 
draining  into  the  Strait  of  Juan  de  Fuca,  serves  as  a 
source  of  supply  far  Port  Angeles.  The  system 
contains  no  nreahk  storage,  consisting  primarily  of  a 
diversion  from  Hone  Creak.  The  quantity  is  presently 
adeq  te  to  meet  the  demands,  and  the  quality  is 
setufactory  moat  of  the  tune.  However,  during  heavy 
rain  periods,  turbsdily  rises  to  such  a level  that 
■n -system  storage  must  he  used  for  short  periods  in 
Isru  of  the  deserted  water. 

Otyuapi'  Otvmpsa  pels  ns  water  by  pumping 
from  McAJiu  Springs  located  approximately  8 
miles  sail  of  tlw  Ci.'v  The  water  is  soft  and  of  good 
quahty  and  m at*  m.  .ory  for  the  foreseeable  future 
with  simple  chlorutetion.  Present  development 
supplies  IS  mgd.  and  a total  of  30  or  more  mgd  is 


Uncontrolled  use  of  watersheds  has  raised  a 
potential  conflict  between  recreational  development 
of  watersheds  and  their  uae  as  a source  of  municipal 
supply'.  Thu  conflict  was  brought  to  the  forefront  in 
a publication  by  the  U.S.  Forest  Service  on  May  26, 
1963,  of  a “Special  Area  Multiple  Use  Plan  for  the 
Green  River  Watershed.”  As  a result  of  subsequent 
controversy,  the  U.S.  Public  Health  Service  was 
requested  to  conduct  a study  to  “ . . . evaluate  the 
effect  of  specific  management  practice*  and  types  of 
uses  and  users  of  watershed  lands  on  the  quality  of 
water  draining  from  these  lands.”  Subsequent 
objectives  were  to  “ . . . develop  water  quahty  stand- 
ards to  guide  multiple-use  management  practices  on 
forested  watersheds  supplying  water  for  municipal 
water  supply;”  and  also  develop  ”...  criteria  to 
predict  the  probable  changes  in  water  quahty  from 
increased  multiple-use  of  watersheds.” 

To  accomplish  the  above  objectives,  the  Public 
Health  Service,  in  the  spring  of  1966,  initiated  the 
Northwest  Watershed  Project.  In  consultation  with 
the  interested  parties,  three  watersheds  (two  in  the 
Puget  Sound  Area  and  one  in  the  Willamette  Basin) 
were  selected  for  study;  the  Cedar  River,  representing 
a closely  controlled  and  unpopulated  area;  the  Green 
River,  representing  a moderately  controlled  area;  and 
the  Clackamas  River,  representing  a moderately  popu- 
lated area  with  unrestricted  access  and  heavy  recrea- 
tional use. 


In  addition  to  quality  and  quantity  data  on  the 
water  resources,  information  has  been  gathered  on 
land  use  and  permanent  or  temporary  residents  and 
persons  entering  the  watershed  for  work  or  recrea- 
tion. Animal  populations  have  been  estimated,  and 
some  of  the  smaller  creatures  have  been  trapped  for 
bacterial  examination. 

The  18-month  period  of  field  work  was  com- 
pleted at  the  end  of  September  1967  with  removal  of 
all  sampling  equipment  except  two  virus  samplers  at 
the  Seattle  and  Tacoma  headworks  on  the  Cedar  and 
Green  Rivers.  The  findings,  of  this  study,  were  not 
available  when  this  report  was  prepared. 

WATER  RIGHTS 

Surface  Water 

In  the  State  of  Washington  the  basis  for  most 
laws  governing  the  appropriation  of  surface  waters  is 
set  forth  in  Chapter  117,  Laws  of  1917.  This  chapter 
now  known  as  the  Surface  Water  Code,  firmly 
established  the  appropriate  doctrine  but  recognized 
existing  rights  of  riparian  owners  and  other  users  that 
were  existing  prior  to  the  effective  date  of  the  code. 
To  fix  the  extent  of  these  pre-code  rights,  an 
adjudication  procedure  was  also  established. 

The  agency  presently  responsible  for  admin- 
istering the  State  water  code  is  the  Department  of 
Water  Resources.  This  agency  had  on  record  as  of 
April  30,  1967,  a total  of  5,844  surface-water  right 
appropriation  records  in  permit  and  certificate  stages, 
for  the  Puget  Sound  Area.  Prime  rights  in  this  area 
allow  summer  period  diversions  totaling  33,757.4 
mgd  of  which  consumptive  diversions  account  for 
2,315.3  mgd,  partially  consumptive  diversions 
amount  to  11,847.8  mgd,  and  non-consumptive 
diversions  account  for  the  remainder  of  19,531.4 
mgd.  An  additional  quantity  of  212.1  mgd  has  been 
allocated  under  appropriation  rights  that  can  be 
classified  as  supplemental. 

A total  of  20  adjudicated  surface-water  right 
records  in  this  subregion  permit  additional  prime- 
right  consumptive  diversions  totaling  372.6  mgd. 
These  rights  are  all  associated  with  the  Dungeness 
River  Decree. 

Recorded  reservoir-storage  rights  (permits  and 
certificates)  under  the  appropriative  system  allow  a 
total  quantity  of  5,377,240  acre-feet  to  be  retained  in 
storage  annually  within  the  Puget  Sound  Area. 


2-15 


Any  person  diverting  water  for  any  purpose 
from  a stream  in  the  State  of  Washington  is  required 
by  the  surface  water  code  to  secure  a permit  or 
certificate  for  such  purpose. 

Ground  Water 

The  laws  in  the  State  of  Washington  relating  to 
ground-water  appropriation  were  enacted  in  1945  and 
essentially  extend  the  procedures  of  the  surface-water 
code  to  the  appropriation  of  ground  waters.  With- 
drawals for  various  uses  not  exceeding  5,000  gallons 
per  day  were  excluded  from  the  provisions  of  this 
Act.  To  accommodate  ground-water  users  claiming 
vested  rights  through  developments  established  prior 
to  1945,  a provision  was  made  for  a declaratory 
period  of  five  years  during  which  such  users  could 
acquire  a water  right  through  a declaration  of  their 


claim.  Ground-water  rights  may  also  be  established 
through  adjudication  procedures. 

The  Department  of  Water  Resources  admin- 
isters ground-water  appropriation  laws  in  Washington 
and  as  of  September  30,  1966,  there  was  a total  of 
2,575  ground-water  right  appropriation  and  declara- 
tion records  in  permit  and  certificate  stages,  for  the 
Puget  Sound  Area.  Prime  rights  in  this  area  allow 
summer  period  withdrawals  totaling  933  mgd.  Nearly 
all  of  this  quantity,  930  mgd,  has  a consumptive 
affect  on  the  resource.  The  remainder,  3 mgd,  is 
considered  to  have  a partially  consumptive  affect  on 
the  resource.  In  addition,  a total  of  39  mgd  has  been 
allocated  under  appropriative  rights  that  can  be 
classified  as  supplemental. 

Table  2-6  is  a summary  of  consumptive  surface 
and  ground-water  rights  in  the  Puget  Sound  Area. 


TABLE  2-6.  Surface  and  ground  water  consumptive  water  rights. 


Study  basin 

Municipal 

(mgd)* 

Individual  and 
community 
domestic  (mgd)a 

Industrial  and 
commercial 
(mgd)a 

APPROPRIATIVE  RIGHTS 

Nooksack-Sumas 

209.9 

42.4 

28.1 

Skagit-Samish 

128.7 

48.6 

24.5 

Stillaguamish 

14.8 

11.5 

14.9 

Whidbey-Camano 

1.3 

15.8 

1.5 

Snohomish 

457.6 

50.8 

75.1 

Cadar-Grean 

115.1 

148.5 

137.8 

Puyallup 

587.2 

156.0 

93.0 

Nisqually-Oaachutas 

34.4 

46.2 

175.0 

Wast  Sound 

59.2 

116.4 

82.6 

Elwha-Dunganass 

21.2 

18.2 

12ai 

San  Juan 

2.9 

0.3 

Subtotal0 

1,629.4 

657.3 

755.9 

ADJUDICATED  RIGHTS 

Elwha-Ounganasa 

- 

374.1 

- 

Total 

1,629.4 

1,031.4 

756.9 

*Weter  right  quantitiM  that  are  common  to  two  or  more  use*  are  lifted  under  each  applicable  category. 

bTotal*  for  the  three  categories  listed  are  a portion  of  the  43,400  mgd  appropriated  for  all  uses  in  the 
Puget  Sound  area. 


PRESENT  AND  FUTURE  NEEDS 


The  present  water  needs  of  the  Area  are 
determined  by  the  urban  population  and  the  demands 
of  industrial  installations  within  the  service  area  of 
the  appropriate  water  department. 

Within  this  Area,  in  addition  to  those  served  by 
the  water  department,  many  independent  water 
districts,  companies,  and  cooperatives  may  be  oper- 
ating. These  suppliers  have  independent  supply 


sources  and  distribution  systems,  or  distribute  water 
supplied  from  a major  water  department  system.  The 
independent  installations  vary  in  size  from  extensive 
systems  serving  several  thousand  persons  to  privately- 
owned  wells  serving  a single  family  residence. 

The  establishment  of  reasonable  water  require- 
ment estimates  is  governed  by  population  distribu- 
tion, the  climatological  region,  the  geographical  area 
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served,  and  the  adequacy  of  basic  water  supplies,  the 
trend  of  water  losses,  the  trend  of  per  capita 
consumption,  the  ratio  of  residential  to  industrial 
users,  whether  the  service  is  metered  or  flat-rate,  the 
characteristics  of  annual  peak  consecutive  days  of 
maximum  demand  and  average  monthly  demand,  and 
the  Washington  State  fire  underwriters’  minimum 
flow  requirements.  Of  these,  the  principal  factor 
influencing  the  total  annual  water  use  in  primarily 
residential  communities  is  the  number  of  homes. 

Water  loss  is  water  produced  but  not  accounted 
for  in  produced  revenue,  such  as  leakage,  evaporation, 
fire  protection,  line  blow-down,  and  similar  unre- 
munerative  uses.  Per  capita  consumption  normally 
tends  to  increase  from  year  to  year,  primarily  because 
of  increasing  numbers  of  water-using  appliances  in  the 
home.  Per  capita  water  use  in  flat-rate  service  areas  is 
substantially  greater  than  in  metered  areas,  mostly 
because  of  an  increased  tendency  to  waste  water 
where  the  customer’s  cost  does  not  increase  with 
volume  used.  Peak  demand  in  these  flat-rate  areas  is 
more  than  double  that  in  the  metered  areas.  As  a 
result  of  these  controlling  factors,  water  consumption 
rates  vary  over  a wide  range  throughout  the  Puget 
Sound  Area.  Figure  2-6  shows  the  per  capita  water 
use  (gpcd)  for  peak  periods  of  1 hour  to  30  days  for  a 
typical  large  service  area.  Every  water  utility  should 
determine  its  own  per  capita  water  use  for  peak 
persons  in  their  respective  service  areas. 


CONSECUTIVE  PEAK  DAYS 

FIGURE  2-6.  Seattle  planning  and  design  water 
consumption. 


Residential  water  use  is  separated  into  two 
general  categories,  household  use  and  sprinkling.  A 
large  percentage  of  the  water  used  within  the  home  is 
returned  to  surface  water  sources  via  sewers  and 
treatment  plants.  Water  used  for  sprinkling  is  largely 
lost  to  the  atmosphere  by  evapotranspiration,  and 
may  be  considered  a consumptive  use . 

Wide  variations  in  delivery  pressure  have  sur- 
prisingly little  effect  on  the  total  water  used  because, 
while  the  higher  pressure  causes  a greater  water  flow 
for  a given  “on”  time,  most  water  use  is  predicated 
on  a volume  basis,  rather  than  “on”  time.  Thus,  in 
high  pressure  areas,  the  higher  flow  rate  is  compen- 
sated for  by  a shorter  flow  time  to  fulfill  a given 
need.  Water  loss  (primarily  by  leakage)  may,  however, 
be  considered  to  increase  with  an  increase  in  pressure, 
since  flow  from  a leak  is  related  to  the  pressure. 

Fire  protection  requirements  may  determine 
the  size  of  pipe,  amount  of  storage,  and  other 
components  of  a small  system.  In  larger  service  areas 
(over  100  acres),  the  peak  consecutive  days  of 
maximum  demand  becomes  constant,  and  the  design 
and  expected  demands  increase  proportionately  with 
the  population  of  the  service  area.  This  has  led  the 
Washington  State  Department  of  Health  and  the 
various  water  departments  to  express  demands  of  an 
area  on  the  basis  of  representative  housing  densities 
(service  connections  per  acre)  or  on  average  daily  per 
capita  use  ascertained  from  records  of  existing  similar 
systems.  Peak  consecutive  days  of  maximum  demand 
are  then  determined  from  the  Health  Department 
criteria  or  from  experience  data  from  existing  water 
departments. 

The  State  Health  Department  ratings  for  a firm 
source  water  supply  and  distribution  system,  criteria 


are: 

Rating 

Category 

Per  capita 
use  (gpd) 

Firm  water 
use  per  service 
connection  (gpm) 

1 

Optimum 

658 

1.6* 

2 

Acceptable 

410* 

1.0  to  1.6 

3 

Below  standard 

165* 

0.4  to  1.0 

4 

Inadequate 

165 

less  than  0.4 

•Minimum  flow  for  any  peek  demand  period. 

The  ratings  are  based  on  average  domestic 
service  averaging  3.5  persons  per  residence,  a need  for 
heavy  lawn  sprinkling,  and  minor  industrial  demand 
for  the  service  area.  Upward  or  downward  adjustment 
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of  flow  rates  are  made,  as  applicable,  for  areas  having 
reduced  sprinkling  requirements  or  having  heavy 
industrial  water  use. 

The  water  facilities  inventory  rating  system 
(Table  2-7)  as  developed  by  the  Washington  State 
Department  of  Health  rates  water  systems  in  18 
categories.  An  explanation  of  these  categories  is  as 
follows: 

Supply  Quantity-This  category  reflects  the 
amount  of  firm  water  (available  year-round)  at  the 
source.  To  receive  an  optimum  rating,  the  supply 
quantity  must  be  6S8  gpcd  (1 .6  gpm  per  service  if  the 
population  averages  3.5  people  per  service).  Systems 
may  be  able  to  handle  24-48  hour  peaks  at  a higher 
rate  of  supply  because  of  storage  facilities  near  the 
users. 

Surface  Sanitary  Influence-Only  systems  with 
surface  supplies  were  rated  in  this  category.  Rating  in 
this  category  generally  parallels  AWWA  established 
classes  of  watersheds.  It  is  a measure  of  environ- 
mental influence  on  the  surface  water  source  (disre- 
garding any  chemical  treatment  that  may  be  done)  as 
evidenced  by  chemical  and  bacteriological  tests  of  the 
raw  water. 

Ground  Sanitary  Influence-This  is  similar  to 
“Surface  Sanitary  Influence,”  but  applies  to  ground 
water  sources.  Wells  and  springs  should  be  at  least 
100  feet  from  potential  pollution  sources  and  the 
ground  water  should  never  come  in  contact  with  the 
environmental  atmosphere. 

Treatment- This  category  is  a measure  of  how 
adequately  the  raw  water  is  being  treated.  All  surface 
sources  should  have  disinfection  at  least.  Evidence  to 
support  these  ratings  comes  from  bacteriological  and 
chemical  tests  of  finished  water  samples. 

Storage  Capacity-Ideal  storage  capacity  meets 
Washington  State  Fire  Underwriters  fire  flows.  This 
means  30,000  gallons  plus  658  gal/capita.  This 
pertains  to  local  storage  only  which  feeds  directly 
into  the  distribution  grid. 

Reservoir  Covers— All  storage  of  finished  water 
should  be  covered.  If  not,  outlets  should  be  chlor- 
inated and  some  provision  made  for  bird  control. 

Storage  Construction-Ideally,  storage  facilities 
should  be  adequate  for  the  next  30  years. 

Distribution  Pipe  Size-Minimum  sizes  service 
fire  hydrants  is  8”  (or  6”  if  mains  are  looped  so  water 
could  approach  from  both  sides  of  the  hydrant). 

Distribution  Grid- All  mains  6”  and  less  should 
be  looped.  All  dead  ends  should  have  blow  offs. 


Minimum  fire  flows  should  be  available  at  all 
hydrants. 

Distribution  Pipe  Condition-Pipe  is  of  a 
permanent  type  (not  wood  stave),  properly  installed, 
and  has  an  estimated  additional  life  of  at  least  30 
years. 

Distribution  Meters-The  percentage  of  metered 
services  is  indicated  here.  If  only  a master  meter  is  in 
place  so  that  the  average  and  maximum  system  usage 
can  be  determined,  a 3 rating  was  given. 

System  Reliability-A  system  is  classed  as 
reliable  if  it  is  unlikely  to  go  out  of  service  for  24 
hours  within  the  next  20  years.  Items  contributing  to 
this  category  are  auxiliary  pumps,  power  sources, 
emergency  chlorinator,  and  potential  problems  such 
as  slide  danger. 

Cross  Connection  Control-Ideally,  each  system 
would  have  its  own  control  program  approved  by  the 
State  Health  Department. 

Bacteriological  and  Chemical  Quality  Control- 
Routine  bacteriologic  and  chemical  examinations  of 
samples  of  water  to  determine  the  sanitary  quality  of 
the  water  and  its  suitability  for  general  use. 

Operator  Competency-A  good  system  has  full 
time  operators)  who  are  certified  under  the 
voluntary  certification  program  sponsored  by  the 
State  Health  Department. 

Records  and  Data-Each  system  should  have  an 
up-to-date  map  of  the  system  showing  all  valves  and 
hydrants.  Also,  a summary  of  bacteriological  and 
chemical  analyses  of  the  water  should  be  kept,  and 
any  required  reports  filed  with  the  local  or  State 
health  departments. 

Engineering  and  Planning-Optimum  rating  was 
given  for  engineering  plans  covering  growth  for  the 
next  20  years  available,  and  present  planning  being 
done  for  40  years  in  the  future. 

Experience  data  and  projected  watei  consump- 
tion for  large  systems  are  given  in  the  following 
tabulations. 

The  installation  of  meters  on  water  systems  will 
reduce  the  average  water  usage,  gallons  per  capita  day 
(gpcd),  but  will  not  reduce  the  demand  peaks. 

Table  2-7  lists  the  rating  of  the  water  systems, 
the  number  of  systems  rated  and  the  categories  the 
systems  were  rated  in. 

Peak  demand  rates  must  be  established  by  the 
water  department,  because  this  information  is  neces- 
sary to  determine  the  size  of  bulk  supply  pipelines 
and  regulating  (equalizing)  reservoirs;  this  is  the 
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maximum  supply  requirement  of  the  system.  Short- 
term demands  exceeding  this  rate  will  be  furnished 
from  storage  reservoirs  constructed  within  the 
system.  Table  2-8  represents  experience  data  and 
projected  water  consumption  for  four  systems  within 
the  Study  Area. 

The  design  considerations  of  storage  reservoir 
capacity  are  correlated  with  known  streamflows  and 
the  expected  or  historical  annual  distribution  of 
water  consumption  throughout  a 12-month  period. 
For  example,  see  Figure  7-3  of  the  Cedar-Green 
Basins.  The  peaking  of  this  curve  may  be  related  to 
“water  deficit”  and  “soil  moisture  utilization” 
periods  in  evapotranspiration  comparisons,  (Figures 


17  through  20,  Appendix  III,  Hydrology  and  Natural 
Environment),  if  the  increase  is  due  to  lawn  sprin- 
kling. Heavy  industrial  use  is  additional  to  the 
residential  peak. 

Present  and  future  needs  for  Municipal  and 
Industrial  Water  are  presented  in  detail  in  the  separate 
basin  sections,  but  are  summarized  in  this  section  to 
indicate  the  improvements  needed  to  obtain  adequate 
facilities  for: 

1.  Supply  and  Transmission 

2.  Storage  and  Distribution 

These  improvements  will  be  required  to  supply 
and  distribute  the  following  annual  water  projected 
use  for  the  Puget  Sound  Area  (Table  2-9). 


TABLE  2-8.  Experience  data  and  projected  water  consumption  of  four  large  systems 


Seattle  Water  Department: 


‘Bated  on  1 sped  steady  increase  per  year  since  1920. 


Annual  Average 

Note: 

7-day  peak  consumption  equals  160  percent  of  annual 

Per  Capita 

average;  30-day  peak  consumption  equals  143  percent 

Year 

Use  (gpd) 

of  annual  average. 

1965 

126 

Source: 

Forecast  of  Water  Supply  and  Demand  to  the  Year 

1980 

163* 

2020,  City  of  Seattle  Water  Department,  May  1968. 

2000 

183* 

2020 

200* 

City  of  Tacoma  Water  Division: 

‘Based  on  constant  rate  for  past  consumption  demand. 

Annual  Average 

Note: 

4-day  peak  consumption  equals  420  mgd  (200  percent 

Per  Capita 

of  annual  average);  14-day  peak  consumption  equals 

Year 

Use  (gpd) 

340  mgd  ( 160  percent  of  annual  average. 

1965 

226 

Source: 

Forecast  of  Water  Supply  and  Demand  to  the  Year 

I960 

210* 

2020,  City  of  Tacoma  Water  Division,  May  1966. 

2000 

210* 

2020 

210* 

King  County  Watar  District  No.  106: 

* Lot  area  of  7,200  to  10,000  sq.ft.;  lawn  area  of  5,600  sq.ft 

**  Lot  area  of  10,000  to  16,000  sq.ft.;  lawn  area  of  8,000  sq.ft 

Water  Usage  (gped) 
Medium- HlgRT 

***  Lot  area  of  15,000  sq.ft,  or  more;  lawn  area  of  16,000  sq.ft. 

Small  Value  Value 

Source: 

Engineering  Report,  King  County  Water  District  No. 

Dsmand 

Homes*  Homes**  Homes*** 

108  (Comprehensive  Plan  Improvements  and  Better- 

ments.  Revision  No.  I),  April  1965,  by  Minish,  Webb 
& Associates,  Consulting  Engineers,  Seattle.  Based  on 
data  from  King  Co.  Water  Districts  68,  79,  97,  and 
10B. 


Annual  average 
Maximum  day 
Peak  hour 


75 

200 

430 


75 

260 

660 


76 

420 

920 


Nookaack-Sumar 

Population 


Skagit-SamMi 

Population 

Proiactad  aaaraga  watar  uaaga 

StillaguamWi 

Papulation 

Proiactad  awarage  watar  utaga 

Whidbay-Camano 

Population 

Proiactad  avrngt  watar  uaaga 

Snohomiah 

Population 


Cadar-Qiaan 

Population 


Puyallup 

Population 


Niaquaily-Oaachutaa 

Population 


Waat  Sound 
Population 


ElwtoOungamaa 


San  Juan  lalanda 
Papulation 


77.700 

91,600 

123,600 

168,700 

73 

166 

212 

293 

66,600 

64,200 

86,600 

118,200 

38 

49 

77 

116 

18,900 

30,200 

48,600 

77,800 

2 

6 

9 

17 

20,200 

26,900 

36,200 

49,600 

4 

7 

10 

16 

190,700 

302,700 

486,800 

780,300 

166 

268 

419 

640 

1,040,220 

1,479,000 

2,376,700 

3,816,300 

166 

364 

684 

1,122 

346,200 

449,200 

721,000 

1,167,700 

100 

186 

329 

647 

68,900 

107,800 

188,000 

278,900 

9 

27 

62 

88 

121,900 

176,000 

274,100 

432.700 

49 

93 

139 

182 

28,600 

29,800 

41,000 

■6*00 

64 

139 

210 

271 

2,600 

2,800 

3.700 

6.180 

0.8 

as 

as 

1. 

Nota:  All  uaaga  figuraa  art  roundad  i 
aapaaaiad  Mo  ground  and  aurfaaa  wa 
Summary  of  Proiactad  Watar  Waada. 
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MEANS  TO  SATISFY  NEEDS 


INTRODUCTION 

The  Puget  Sound  Area,  by  the  year  2020,  will 
have  an  average  water  use  of  nearly  3,500  mgd  of 
water  by  6.9  million  persons  in  a greatly  expanded 
industrial  economy.  This  represents  a projected 
increase  of  2,820  mgd  over  1965  demands.  There  is, 
however,  no  area-wide  shortage  of  water  for  present 
and  foreseeable  municipal  and  industrial  require- 
ments. There  will  be  serious  shortages  of  water  in 
some  basins  which  will  require  imaginative  planning 
of  future  developments  for  interbasin  transfer,  greater 
utilization  of  ground  water  resources  and  perhaps 
even  desalinization. 

Because  most  water  systems  are  presently 
unable  to  supply  the  peak  municipal  demands  of  658 
gpcd,  considerable  expansion  and  modernization  of 
existing  systems  will  be  necessary.  Estimates  of 
present  peak  municipal  and  industrial  capacities  for 
all  systems  in  the  Area  are  1 ,660  mgd;  by  the  year 
2020,  peak  demands  of  6,490  mgd  are  anticipated. 

Most  of  the  present  water  supply  planning, 
construction  and  operation  is  by  local  purveyors  to 
satisfy  local  markets.  This  eliminates  the  need  for 
individual  users  to  develop  separate  and  often  more 
costly  water  sources. 

Income  from  present  water  rates  rarely  cover 
the  full  cost  of  planning,  developing  and  maintaining 
an  adequate  modern  system,  particularly  in  the 
smaller  communities.  Therefore,  the  well-financed 
and  efficiently  operated  large  municipal  or  utility 
departments  will  be  increasingly  more  prominent  in 
supplying  future  MAI  needs  because  of  their  ability 
to  meet  the  needs  of  a rapid  influx  of  population  or 
industry  without  rapid  rate  increases.  Small  inde- 
pendent or  municipal  purveyors  are  expected  to 
merge  with  expanding  municipalities  or  consolidate 
into  large  districts.  These  developments  should  result 
in  economies  of  scale  that  will  benefit  the  general 
public  and  realize  the  advantages  of  lowest  unit  costs. 

BASIS  FOR  PLANNING 

Many  factors  are  considered  in  arriving  at  the 
array  of  alternatives  to  supply  the  future  M A I water 
supply  needs.  Several  of  the  larger  purveyors  have 


completed  or  are  in  the  process  of  completing 
long-range  plans  to  assure  orderly  and  timely  develop- 
ment to  satisfy  anticipated  needs.  Others  have  em- 
ployed consulting  engineering  firms  to  prepare  plans 
and  the  State  Department  of  Water  Resources  has 
completed  comprehensive  water  studies  in  Whatcom, 
Pierce  and  Kitsap  counties.  Each  of  these  and  other 
studies  were  drawn  upon  in  the  examination  of  the 
various  alternative  development  possibilities.  In  arriv- 
ing at  cost  comparison  for  alternatives,  items  are 
grouped  into  two  general  categories,  (1)  system 
storage  and  distribution  and  (2)  supply  and  transmis- 
sion-including treatment,  where  required.  Individual 
alternative  costs  on  the  latter  are  presented  in  each 
basin  chapter  because  these  costs  will  vary  with  the 
type  and  location  of  the  source  of  supply.  The  former 
costs,  while  significant,  are  essentially  the  same  for 
each  system  no  matter  which  source  alternative  is 
chosen  and  are  therefore  presented  in  this  chapter.  A 
summary  on  unit  cost  data  used  in  estimating  costs 
are  given  in  Table  2-13.  These  data,  to  facilitate  use  in 
cost  estimating,  are  presented  in  terms  of  1,000 
people  served  by  the  facilities  or  per  mgd  of  water 
use.  Also  included  here  are  discussions  of  social, 
administrative  and  financial  factors  which  are  im- 
portant considerations  relevant  to  all  purveyors. 

System  Storage  and  Distribution 

The  distribution  system  within  the  purveyors 
service  area  consists  of  a piping  grid  properly  sized  to 
permit  supplying  the  peak  hourly  demand  at  ade- 
quate pressure.  In  addition,  it  must  have  capacity  to 
supply  the  necessary  water,  through  a well-planned 
hydrant  system,  to  provide  maximum  fire  protection. 
Service  connections,  including  meters,  are  included  as 
part  of  the  distribution  system. 

To  assist  in  meeting  peak  residential  demands 
and  fire  fighting  water  requirements,  storage  equal  to 
one  days  supply  at  peak  useage  is  recommended. 
These  reservoirs  are  located  throughout  the  system 
either  on  the  surface  or  underground  at  higher 
elevations  or  they  may  be  elevated  tanks  or  stand- 
pipes. In  this  way  adequate  pressure  can  be  main- 
tained in  the  system  at  all  times.  In  some  areas  it  may 
also  be  necessary  to  install  booster  pumping  stations 
with  adequate  standby  equipment.  As  mentioned 
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previously,  the  cost  of  installing  and  maintaining  an 
optimum  storage  and  distribution  system  is  essen- 
tially independent  of  the  source  of  supply.  For  this 
reason  distribution  cost  estimates  for  all  the  basins 
are  presented  in  the  Area  chapter.  Below  are  given  the 
unit  cost  data  used  as  a basis  for  the  basin  cost 
estimates  presented  in  Table  2-10,  Cost  of  Distribu- 
tion System  in  Place  and  a computer  program  to  (1) 
calculate  distribution  costs  for  present  to  2020, 
selected  urban,  suburban,  and  rural  miles  of  pipe/ 
1,000  population  (see  Table  2-11,  Water  System 
Construction  and  Operation  Costs),  (2)  calculate 
storage  costs  for  covered  reservo  in  and  elevated 
storage  tanks  at  an  optimum  of  6S8  gpcd  for  the 
present  to  2020  (Table  2-11),  (3)  calculate  metering 
costs  for  the  present  (if  not  metered)  to  2020  for  the 
known  and  projected  population.  Present  storage  and 
distribution  system  conditions  are  shown  in  the 
Present  and  Future  Needs  section. 

Unit  costs  were  determined  by  the  Washington 
State  Department  of  Health  from  consulting  engine- 
ers and  water  departments,  as  follows:  (not  all  project 
cost  data  is  detailed) 

tjSoraga  Unit  costs  vary  by  a factor  of  30 
depending  on  the  size  and  type  of  construction  of  the 
particular  storage  facility.  For  sizes  ranging  from  0.25 
to  2 mg,  consulting  engineers  have  estimated 
SI  00,000/mg  for  ground  level  storage  and 
S 250,000/mg  for  elevated.  Tacoma  Water  Division 
estimates  $20,000/mg  for  large  open  ground  level 
reservoirs  (30-60  mg)  and  $40,000/mg  for  similar 
covered  reservoirs.  Large  multi-purpose  ground  level 
reservoirs  (with  parking  lots,  streets,  or  tennis  courts, 
or  even  parks  on  top)  conserve  space  in  crowded 
urban  areas  and  are  aesthetically  desirable.  These  have 
been  built  for  SlOOjOOO/mg  up  to  10  mg, 
$50 ,000/mg  up  to  SO  mg,  and  $20 ,000/mg  for  sizes 
approaching  500  mg. 

For  Battngham,  consultants  estimated  $70/000 
for  a 0 4 mg  memoir  ($  140/000/mg).  Another  firm 
obtained  project  bids  for  two  steel  above  ground 
coveted  reservoirs:  4 mg  for  SI 73 ,99*  plus  $25,320 
for  tasik  foundation  phis  $29/000  for  painting  and  a 
0.75  «g  unit  at  Forks,  Washington,  bid  at  S62/DM 
phis  $12/085  for  anterior  piping.  Adding  30%  for 
engineering  and  overhead,  total  unit  costs  ate 
574/DOO/mg  and  $l29/000/mg  respectively. 


100  feet  and  $ 1.00/gallon  for  large  capacities.  Plan- 
ning for  Rosario  Resort  (Or css  Island,  San  Juan 
Islands)  the  cost  of  a 21,000  gallon  ground  level 
steel  tank  was  reported  as  $12,000  (S570,000/mg). 
Project  for  an  elevated  0.25  mg  tank  (golf  ball  and  tee 
construction)  plus  an  enclosed  room  at  the  base  cost 
$90,550  plus  $33,260  for  tank  foundation,  floor  slab, 
valve  chamber  and  all  concrete  work  plus  30%  for 
engineering  and  overhead  (total  unit  cost: 
$643, 000/mg). 

These  unit  costs  were  developed  for  Table  2-1 1 
as: 

0.25  mg  and  less 
Ground  level  (open) 

Ground  level  (covered)  $5 ,000/mg  and  up 

Elevated  (covered)  $1 400/000/mg 

0.25-1.0  mg 
Ground  level  (open) 

Ground  level  (covered)  $ 100/000/mg 

Elevated  (covered)  250,000/mg 

30-60  mg 

Ground  level  (open)  $20 ,000/mg 

Ground  level  (covered)  40,000/mg 

Elevated  (covered) 

Distribution  System  Rule  of  thumb:  one  dollar 
per  inch  diameter  per  linear  foot.This  rule  applies  to 
cast  iron  (Cl)  or  asbestos  cement  (AC)  pipe  for  sizes 
from  4 inches  to  48  inches  with  valves  and  hydrants 
every  600  feet  (installation  cost  included). 

Tacoma  Water  Division  offers  the  following 
pertinent  data:  (including  12%  engineering  and  15% 
overhead). 

Cost  of  Mains 


Size 

Hydrants, 

Valves 

Linear  Ft. 

Linear  Ft. 

6” 

$440 

$540 

8" 

540 

7.25 

12" 

740 

1000 

16" 

1300 

15.10 

Figures  from  a consulting  firm  (including  30% 
for  engineering  and  overhead:  administration,  lagal. 
financing  and  taxes)  are: 
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a 


Size 

Quantity 

4” 

700’ 

6” 

30,000  some  AC,  mostly  Cl 

8” 

33,000’  AC,  8400'  Cl 

lor 

12000’ AC,  8400*  Cl 

12” 

31 000’  Cl 

16” 

30O00’  concrete  Cyl. 

* High  because  of  the  email  quantity  ordered 

For  6 inch  hydrants,  average  coat  (including 
overhead)  was  $525  and  for  4 inches,  $370. 

Normal  community  fire  flow  systems  will  have 
approximately  half  6 indies  and  half  8 inch  mains. 
Using  the  ruk  of  thumb,  the  unit  cost  is  $37,000/- 
mile.  State  Health  Department  research  determined 
the  following  table  of  population  vs.  pipe  lengths: 
(see  Table  2-10). 


Popula- 

tion/ 

Miles 

distribution 
pipe/1000  Cost/ 

acre 

pop. 

1000  pop. 

Urban  Area 

9.4 

3 

$110000 

Suburban  Area 

3.1 

9 

330000 

Rural  Area 

10 

18 

660000 

For  lower  population  densities,  it  is  unecon- 
omical to  build  a fire  flow  system. 

OlearttasSiBW  Meters.  Tacoma’s  Water  Division 
estimates  the  cost  of  5/8  inch  meters  in  3/4  inch 
service  pipe  at  SISO/meter  (installed).  One  firm, 
however,  has  estimated  the  cost  for  Bellingham  at 
$75.  The  Tacoma  figure  is  bated  on  1968  contract 
bids,  and  is  considered  more  reliable. 

Supply  and  Trnnai mission 

Source  development  to  meet  the  needs  for  M & 
I water  consists  of  not  only  construction  of  surface 
storage  and/or  diversion  facilities  or  ground  water 
wells  but  also  bufc  transmission  pipelines,  pumping 
plants  and  treatment  works.  A surface  water  source 
alternative  will  require  construction  of  intake  or 
diversion  structure,  primary  transmission  lines,  water 
treatmmt  plants  and  possibly  pumping  capability.  A 
ground  water  alternative  will  require  well  construc- 
tion, pumping  facilities  and  possibly  transmission 


Cost  of 

Cost  of  mains 

mains 

hydrants,  valves 

$ 4j02*  $ 4,82* 


3.91 

4.03 

5.54 

6.75 

7.10 

8.50 

10.02 

11.45 

15.66 

NA. 

and/or  treatment  works,  because  cost  estimates  vary 
widely  depending  on  alternative  development  pos- 
sibilities, unit  cost  data  are  presented  below  along 
with  a summary  of  the  cost  of  implementing  the 
Selected  Basin  Plans  with  details  on  these  plans  and 
major  alternatives  examined  presented  in  individual 
Basin  chapters. 

Unit  costs  were  determined  by  the  Washington 
State  Department  of  Health  from  consulting  engine- 
ers and  municipal  water  departments,  as  follows:  (not 
aD  project  cost  data  is  detailed) 

Local  Ground  Water.  Often  wells  or  springs 
may  be  located  within  a mile  of  the  distribution 
system  (sometimes  within  a few  hundred  feet).  They 
are  much  cheaper  than  surface  water  initially  (little  or 
no  transmission  main),  but  have  continuing  annual 
pumping  energy  costs  that  are  reduced  or  completely 
avoided  with  surface  supplies. 

One  engineering  firm  supplied  their  ground 
water  cost  estimates  on  “two  recent  projects  involv- 
ing a spring  and  a well.”  Their  unit  cost  planning 
figure  was  $60000/mgd  capacity  of  source  (initial 
well  and  pump  cost  only).  Another  firm  gives  well 
costs  (drilling  only)  as  $15/ft.  for  8 inch  diameter 
(280  feet  and  350  feet  deep)  and  $30/ft.  for  12 
inches  (280  feet  and  350  feet),  but  dropping  to 
$21/ft.  for  12  inches  for  a 700  foot  weB.  Tacoma 
Water  Division  has  estimated  $2SOOO/mgd  initial  cost 
for  large  wells  and  $50,000/mgd  for  small  weDs  (180 
gpm). 

Surface  Water-Estimating  average  cost  for  a 
source  of  surface  water  is  very  difficult  because 
transmission  line  length  between  the  closest  satis- 
factory source  and  the  distribution  system  can  be 
very  long  or  relatively  short,  depending  on  the  local 
situation.  In  general,  a higher  initial  cost  for  a long 
transmission  main  will  mean  reduced  operation  costs 
for  treatment  because  the  water  will  be  of  higher 
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TABLE  2-10.  Cod  of  distribution  system  in  plan,  minimum  fin  flows,  6-8  inch 
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Parsons 

Swlonpiri). 

milt  lor  Parana 

jATvioi 

Cost  per 

Cost  par 

MNos  Main 
per  1,000 

pern  mile 

34  parsons  par  service  parsers 

par  acre 

pinon 

twico 

population 

BOO 

143 

0.8 

0.2 

81,280 

84400 

36.0 

1.000 

2H 

16 

a4 

640 

2.260 

18.0 

1,600 

430 

2.4 

0.7 

427 

1,480 

12.0 

1000 

670 

3.1 

04 

320 

1.120 

94 

2,600 

720 

34 

1.1 

268 

900 

7.2 

3.000 

800 

4.7 

16 

214 

780 

6.0 

3.B00 

1,000 

64 

14 

183 

640 

6.2 

4,000 

1,140 

84 

14 

160 

660 

4.6 

4,800 

1,290 

76 

2.0 

142 

600 

4.0 

6600 

1,430 

7.0 

2.2 

120 

460 

3.6 

6,600 

1,670 

84 

24 

116 

410 

3.3 

6,000 

1,710 

9l4 

2.7 

107 

370 

3.0 

6,600 

1400 

10.1 

24 

89 

360 

24 

7.000 

2,000 

iao 

3.1 

92 

320 

2.6 

7,600 

2.160 

11.7 

34 

86 

300 

2.4 

8,000 

2600 

124 

34 

80 

280 

24 

TABLE  2-11.  Watar  tystnjm  conkouction  and  operation  costs,  Washington  State  Department  of  Health 


Annual3 

Amortized 

Capital  Cost  Capital  Annual  Operation 

8/mgd  8/1.0001  Co«t/ 1.000  8/mgd 8/1, OOP1 


Supply  and  TrananWon 

Local  Ground  Water 

8 60,000* 

8 40,000* 

8 2,600 

(pumping) 

(pumping) 

Surf  ass  Water 

130,000 

86.000 

6400 

(pumping) 

(pumping) 

Pump  Stations 

12,000 

8,000 

600 

810400 

8 7,000 

Traatmtnt 

FHtrsdon 

8 76600 

8 60600 

8 3400 

8 6600 

8 4600 

Iron  Removal  (KMn04) 

30600 

20,000 

1400 

4,600 

3,000 

Gas  Chlorination  (CI2J 

2600 

133 

10 

400 

270 

Stores  and  Diwrlbution 
Ratarvolrs 

Ground  Level  (opani 

8 60,000/mg 

8 33,000* 

8 2,100* 

- 

- 

Ground  Level  (covered) 

100, 000/ mg 

67,000* 

4,200* 

- 

- 

Elavetsd 

290600/mg 

1706004 

10600* 

- 

DteOlbution  Pipe  (H-6“,  H-8") 

Urban  (3  ml/1600  popj 

- 

8110600 

8 7600 

- 

- 

Suburban  (9  mi/1 ,000  pop.) 

- 

330600 

21,000 

- 

- 

Rural  118  mi/1600  pop.) 

“ 

OOOeOOO 

42600 

- 

- 

Distribution  Meters 

- 

46600* 

2400 

- 

- 

1 Cost  par  1,000  people  served  • M6  gped  for  peak  hour. 


2 Includes  wsli  pumps,  controls,  power,  ate. 


3 For  30  years  • OK  interest  (.00606). 
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quality  (remote  from  populated  area*).  Although 
surface  water  is  initially  twice  u expensive  as  local 
ground  water,  operating  costs  are  lower,  especially  if 
the  source  is  tapped  at  a sufficiently  high  elevation 
for  gravity  feed  to  the  distribution  system. 

The  Tacoma  Water  Division  estimates  that 
additional  water  from  the  Green  River  will  cost  SIS 
million  for  a 90  mgd  diversion  ($167j000/mgd).  The 
Seattle  Water  Department  has  planned  a 90  mgd 
diversion  on  the  North  Fork  of  the  Toh  River  in 
1978  to  cost  S16  million:  (25%  for  the  impounding 
dam  and  7S%  for  transmission  main;  $178/XX)/mgd 
total  unit  cost).  Their  1988  project  is  an  additional 
100  mgd  diversion  from  the  Cedar  River  to  cost  SI  1 
million,  40%  for  raising  the  existing  Chester  Morse 
Dam  and  constructing  a new  diversion  dam,  and  60% 
for  transmission  main  (1 10,000/mgd).  A fourth  Cedar 
River  pipeline  planned  for  1998  to  supply  an 
additional  100  mgd  is  expected  to  cost  S6.7  million 
($67 ,000/ mgd).  This  unit  cost  is  lower  because  there 
is  no  need  for  additional  damming  facilities  for  this 
project.  The  average  unit  cost  for  these  four  surface 
water  projects,  all  with  relatively  long  transmission 
mains,  is  $130,000/mgd  initial  cost  or  about  twice 
the  cost  of  local  ground  water.  For  smaller  communi- 
ties, a smaller  diversion  would  tend  to  raise  the  unit 
cost.  However,  they  would  probably  have  shorter 
transmission  mains,  which  would  reduce  the  costs 
again. 

tamp  Station*— One  study  of  1965  costs  across 
the  Nation  found  that  for  small  systems  (OJ-0.5 
mgd)  the  median  pumping  energy  cost  was 
S3. 45/1 /XX)  gallons  pumped,  an*  for  large  systems 
(6-13  mgd)  the  cost  dropped  to  $1.57/1  ,000  gallons. 
It  suggested  that  higher  costs  for  small  systems  may 
be  due  to  higher  total  dynamic  head  as  well  as  lower 


Gas  chlorination  (up  to  12  mgd) 

Pump-actuated  stop-start  feed 
Automatic  feed,  variable  vacuum  control 
Automatic  feed,  variable  vacuum  control  + meter** 
Chlorine  gas  (carried  as  chemical  cost  in  OAM) 


pumping  efficiencies.  For  this  study,  the  small  system 
figure  is  more  relevant. 

A recent  design  for  Anacortes  has  three  booster 
pumps  totaling  10  mgd  capacity  with  initial  cost  of 
$1 19,000.  This  figures  out  to  $1 1 ,000/mgd  unit  cost 
because  the  pumping  head  is  low  and  the  capacity  is 
large. 

In  1967  the  Seattle  Water  Department  pumped 
9,080  mg  for  approx:mately  $4.0/1,000  gallons  for 
power.  Seattle’s  costs,  however,  are  abnormally  high 
due  to  the  500  foot  difference  in  elevation  between 
parts  of  the  city.  For  this  study,  $3.8/1,000  gallons 
will  be  used  for  total  annual  power  costs.  Also,  all 
gravity  supply  systems  are  assumed  to  pump  only  to 
the  high  service  zones  continually  and  to  the  inter- 
mediate service  zones  on  a selected  basis. 

CMorination-The  major  manufacturer  of  chlor- 
ination equipment  for  the  Pacific  Northwest  has 
recently  quoted  the  following  figures,  including  scales 
and  tester,  for  units  of  up  to  100  lbs.  chlorine/day,  or 
12  mgd  at  1 mg/1. 

Stop-start  actuated  by  pump  SI  ,100 

Automatic  feed,  variable  vacuum  control  2,000 

Automatic  feed,  variable  vacuum 
control  + meter  2,300 

Current  cost  of  chlorine  gas  is  $.  13/lb.  or 
assuming  an  average  chlorine  demand  of  1 mg/1, 
$400/ mgd  annually.  The  low  cost  is  partially  due  to 
its  local  manufacture  in  Tacoma.  Rule  of  thumb:  8 3 
lbs.  of  chlorine  per  mg/1  chlorine  demand  per  million 
gallons  treated.  For  small  systems  (under  0.25  mgd) 
hypochlorinators  are  commonly  used  with  the  liquid 
chemical  sodium  hypochlorite  (NaOCl),  but  are  not 
considered  in  this  Appendix.  These  unit  costs  were 
developed  for  Table  2-1 1 as: 


Total 

Initial  Cost 

/mgd 

Additional 
Annual 
Cost/ mgd 

1,100 

90 

2,000 

170 

- 

2,300 

190 

- 

- 

- 

400 

**  Unit  cost  used  in  this  Appendix. 


Cost  data  for  installed  rapid  sand  filters  : 


Total 

Unit 

Total 

Size* 

Capacity 

Cost 

Cost 

Cost/mgd 

100  ft2 

1.44  mgd 

S250/ft2 

$ 25,000 

$17,400 

1,000 

14.4 

60 

60,000 

4300 

0,000 

144.0 

15 

150,000 

1,050 

'loaunm.3 


Oowvmttant  Wnw  Ti— tmsnt  Bellingham’s 
treatment  plant  which  is  now  under  construction  will 
initially  cost  $58j000/mgd.  Treatment  oonaists  of 
chemical  flocculation  for  turbidity  removal,  filtration 
(high  rate  sand  filters),  chlorination,  and  lime  for  pH 
control. 

One  1965  study  estimates  the  median  unit  cost 
of  treatment  at  $.40/1000  gallons  at  0.15  mgd, 
S 30/1000  gallons  at  0.4  mgd  and  $30/1000  gallons 
at  1 mgd.  Using  $30/1000  gallons  the  cost  would  be 
$1 10000/n^d.  The  same  study  further  offers  the 
data  shown  at  top  of  page  for  installed  rapid  sand 
filters  (filtration  equipment  only). 

Operation  and  Maintenance  are  estimated  on 
the  basis  of  a percentage  of  annual  income,  late  in 
this  chapter.  Since  each  operating  water  purveyor  is 
assumed  to  use  70  percent  of  each  annual  income 
dollar  on  operation  and  maintenance,  the  major 
difference  between  water  systems  of  equal  size  would 
be  this  annual  expenditures  for  pumping  (energy 
cost)  and  chemicals.  Surface  supplies  require  chlorina- 
tion and  less  pumping  than  ground  water  supplies 
which  require  no  chlorination  but  have  greater 
pumping  (energy)  coats. 

In  addition,  each  project’s  unit  costs  were 
scaled  down  exponentially  as  capacity  increased  from 
0.10  mgd  to  100  mgd. 

Contingency  for  construction,  land  purchase, 
engineering,  administration,  etc.,  was  assumed  as  30 
percent  of  estimated  construction  costa.  There  were 
no  special  considerations  or  cost  contingencies  allot- 
ted to  flood  proofing,  unsuitable  foundation,  power 
rate  variation  between  basins,  transportation  costs, 
tunneling,  seismic  effects,  etc. 

Administrative,  Financial  and  Social  Fedora 

As  evidenced  by  costs  summarized  in  Tables 
2-12  and  2-13,  a substantial  investment  will  be 
required  to  correct  the  existing  inadequacies  in  the 
public  water  supply  systems,  to  operate  and  maintain 
these  systems,  and  to  develop  new  sources  of  supply 
over  the  next  SO  yean.  Sinoe  public  water  supplies 
are  generally  conridsred  to  be  public  utilities,  either 


privately  or  go vernmen tally  operated,  development 
and  maintenance  com  are  usually  met  by  income 
from  sale  of  the  commodity,  in  this  case,  water.  The 
ability  of  purveyors  to  meet  these  obligations  are 
influenced  by  many  factors,  some  of  which  are 
discussed  below. 

Among  the  administrative  factors  are  the  var- 
iety of  governmental  or  private  entities  that  may  be 
established  to  provide  water  service.  The  most  com- 
mon practice  is  to  set  up  a water  department  as  part 
of  city  government.  Such  entities  are  governed  by  the 
municipal  officials.  Revenue  from  the  sale  of  water 
often  however,  is  used  to  support  other  municipal 
functions.  This  can  make  it  difficult  to  equate  water 
rates  with  funds  necessary  to  upgrade  and  maintain 
the  water  system  at  an  optimum  level. 

Outside  municipal  boundaries,  particularly  in 
low  population  density  areas,  other  problems  are 
encountered.  This  type  of  sparse  development  makes 
the  construction  of  a community  water  supply  and 
distribution  system  more  expulsive  than  in  normal 
urban  residential  areas,  unless  annexation  to  an 
adjoining  city  can  be  accomplished  to  take  advantage 
of  an  operating  department.  Annexation  hat  the 
benefit  of  avoiding  the  construction  of  separate 
costly  sources  of  supply.  A new  administrative 
organization  to  serve  areas  actyscent  to  cities  akeady 
in  the  utility  business  is  not  needed. 

For  thorn  suburban  areas  remote  from  an 
existing  municipal  system  Washington  State  statutes 
provide  for  formation  of  a variety  of  administrative 
entities  to  provide  water  service.  Water  districts  are 
independent  agencies  completely  separate  from  dty 
end  county  control.  Formetion  requires  • completely 


end  meintenence.  People  served  by  the  district  have 
tome  control  of  poUdm  end  monthly  utility  rate 
chargee.  While  they  am  practical  for  Imp,  wel- 
devefepad  trees  requiring  service,  tbsy  era  not  wel 
ratted  to  smal,  scattered  development!,  such  es  those 
surrounding  lakes,  recreetion/summer  home  tries,  low 
population  density  houriag  subdiviBions,  etc. 

City  Local  improvement  Districts  (LID)  Imve 
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the  advantage  of  requiring  no  separate  organization 
for  operation  and  maintenance  of  utilities  (operated 
by  the  city)  and  maintaining  a single  system  rather 
than  constructing  independent  systems.  Dis- 
advantages of  a LID  are  in  the  differences  in  water 
rates  inside  and  outside  the  cities  where  property 
taxes  and  assessments  in  areas  beyond  the  city  limits 
are  not  available  to  the  city,  and  charges  are  different, 
often  considerably,  for  the  tame  water  service.  There 
are  other  legal  and  political  implications,  because 
property  taxes  in  unincorporated  areas  adjacent  to 
the  city  are  nearly  the  same  as  taxes  inside  the  city. 
The  primary  determination  of  property  taxes  is  the 
school  district,  not  the  location  inside  or  outside  the 
city  limits. 

County  Utility  Local  Improvement  Districts 
(ULID)  are  authorized  under  the  County  Services  Act 
of  1967.  These  are  independent  utility  systems 
owned  and  operated  by  the  county.  Previously  no 
authority  was  granted  to  counties  to  form  utility 
districts.  As  a result,  many  small  State  water  districts 
were  formed,  each  with  a separate  administrative 
organization.  One  advantage  of  the  county  ULID’s  is 
the  control  over  policies  and  rates  by  the  residents.  In 
addition,  a tingle  county  can  operate,  maintain  and 
administer  several  small  districts  within  its  boun- 
daries. A new  department  within  the  county  to 
operate  the  water  systems  however  is  required. 

Although  it  k impossible  to  assess  in  monetary 
terms  the  influence  of  the  administrative  organization 
on  the  ability  of  purveyors  to  adequately  serve  the  M 
A I needs  of  the  future,  it  has  been  assumed  for 
planning  purposes  efficient  entities  will  be  formed  to 
serve  through  public  systems  all  parts  of  the  Area 
with  a population  density  of  0.8  persons  or  more  per 
sere.  (Table  2-10). 

In  addition  to  the  above  administrative  factors, 
when  a major  capital  investment  is  required,  such  at 
development  of  a new  source  of  supply  or  a major 
change  in  the  system,  it  becomes  necessary  for  the 
purveyor  to  negotiate  a loan  or  issue  bonds  to  raise 
the  necessary  funds.  If  operating  revenue  is  adequate 
and/or  the  bonded  indebtedness  is  sufficiently  flex- 
ible, such  large  expenditures  are  usually  met  by 
issuing  either  gsneral  obligation  bonds  or  revenue 
bonds. 

General  obligation  bonds  are  repaid  by  a tax  on 
all  properties  In  the  city  or  county.  The  financial 
burden  is  distributed  in  proportion  to  the  value  of  the 
property  served  which  may  not  necessarily  be  related 
to  the  benefit  received  from  the  water  system. 


Although  general  obligation  bond  interest  rates  are 
often  up  to  O.S  percent  less  than  revenue  bonds,  it  is 
generally  more  equitable  and  popular  in  the  State  of 
Washington  to  utilize  revenue  bonds  for  utility 
systems.  This  is  because  revenue  bonds  are  repaid 
through  net  earnings  of  the  water/sewer  system.  The 
financial  burden  in  this  case  is  distributed  over  the 
bonding  period  so  that  those  portions  of  the  popula- 
tion using  the  system  pay  in  proportion  to  their  use. 

In  estimating  costs  for  major  improvements  it 
has  been  assumed  that  revenue  bonds  will  be  issued. 
Bond  service  has  been  based  upon  the  bonds  maturing 
over  a thirty-year  period  and  bearing  interest  at  the 
rate  of  5%  per  annum.  In  computing  bond  service,  it 
is  assumed  that  the  bonds  will  mature  over  the 
estimated  useful  life  of  the  facility  and  have  a 
coverage  of  1.4.  Water  departments  or  districts  have 
bond  coverages  si  low  as  1.15  and  as  high  as  1 .6 

Bond  coverage  is  by  definition  the  ratio  of  the 
net  income  (after  subtracting  operation  and  main- 
tenance costs)  to  the  debt  service  payments  and  in 
this  study  is  1.5.  There  are  three  items  of  expense  to 
a water  utility  which  are  not  included  in  operation 
and  maintenance  in  order  to  arrive  at  the  coverage 
ratio.  These  are  : (1)  depreciation  which  provides  for 
renewals  and  replacement  of  the  new  facilities  in  a 
manner  consistent  with  prior  policies  of  the  utility, 

(2)  reserves  which  are  funds  to  provide  for  better- 
ment and  extension  of  the  utility’s  facilities  on  a basis 
comparable  to  that  enjoyed  by  the  entire  system;  and 

(3)  in-lieu-of-tax  payments  which  are,  in  accordance 
with  the  present  statutes  of  the  State  of  Washington, 
3.6%  of  the  gross  operating  revenues.  For  purposes  of 
determining  the  in-lieu-of-  tax  payment  applicable  to 
each  plan,  3.6%  of  the  estimated  total  annual  income 
has  been  assumed. 

Total  annual  income  has  been  determined  from 
water  district  and  city  water  department  records  and 
annual  reports  as: 

Population  Served  Total 

Annual  Income 


0 to  40  f)00  5320/mg 

40-000  to  100,000  225/mg 

lOOjOOO  to2S0/)00  200/mg 

250,000  and  up  160/mg 


Costs  may  be  divided  to  reflect  the  two 
components  of  annual  income  as  follows. 
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V 


l 


1.  Operation  and  Maintenance 

% of  Total 
Annual  Income 

70% 

Payroll,  office,  supervision 

(3S%  to  supply 

Billing,  meter  reading  general 

and  transmission: 

shops,  power  engineering. 

35%  to  storage 

utility  equipment. 

and  distribution 

Quality  assurance  and  control,  etc. 
2.  Bond  Coverage 

30% 

Depreciation , Reserves, 
funded  deficit,  in-lieu 
of  taxes. 

(10%) 

Bondservice 

(20%) 

100% 

It  will  be  noted  that  an  attempt  hai  been  made 
at  the  conclusion  of  each  of  the  basin  chapters  to 
evaluate  the  ability  of  water  purveyors  in  each  basin 
to  meet  the  bond  coverage  requirements  imposed  by 
the  needed  improvements.  These  analyses  show  that 
financing  difficulty  may  be  experienced  in  the  future, 
particularly  in  the  more  densely  populated  eastern 
basins.  This  is  however,  merely  a continuation  of  past 
conditions  because  many  purveyors,  especially  the 
smaller  communities,  have  historically  experienced 
difficulty  arranging  adequate  financing  for  major 
improvements.  To  provide  assistance  in  meeting 
present  financial  obligations,  several  Moral  programs 
have  been  established.  These  are  briefly  summarized 

L-l 

OCIOW. 

The  Public  Works  and  Economic  Development 

Act  of  IMS  (P.L  SS-13SI— is  administered  by  the 
Economic  Development  Administration  of  the  De- 
portment of  Commerce.  Under  its  provisions,  desig- 
nated economically  depressed  areas  can  obtain  direct 
or  supplementary  grants  for  all  types  of  public  works 
projects  including  public  water  supply  which  have 
employment  impact.  Direct  grants  are  limited  to  50 
percent  of  the  project  cost;  however,  supplementary 
grants  in  certain  depreaaed  areas  may  increase  the 
grant  up  to  80  percent.  Public  Works  loans  are 
available  for  up  to  100  percent  of  the  project.  In 
addition,  business  loans  are  provided  by  this  Act. 
These  longterm  low  interest  loans  are  limited  to  65 
percent  of  the  project  cost,  or  private  loans  are 
guaranteed  up  to  90  percent  of  the  total  project  cost. 
The  Housing  Act  of  1968  extended  provisions  of  the 
original  act  for  one  year  (1970)  and  authorized  $885 
million  for  water  and  sewage  grants. 


The  Watershed  Protection  and  Flood  Preven- 
tion Act  (P.L  5M)-is  administered  by  the  Soil 
Conservation  Service.  In  addition  to  benefits  derived 
from  protective  land  treatment  and  structural 
measures,  and  in  addition  to  making  loans  and 
advances  to  finance  the  local  share  of  costs  (Sec.  8); 
the  Secretary  of  Agriculture  . . . “may  pay  for  any 
storage  of  water  for  anticipated  future  demands  or 
needs  for  municipal  or  industrial  water  included  in 
any  reservoir  structure  constructed  or  modified  under 
the  provisions  of  this  Act  not  to  exceed  30  per 
centum  of  the  total  estimated  cost  of  such  reservoir 
structure  where  the  local  organization  gives  reason- 
able assurances,  and  there  is  evidence,  that  such 
demands  for  the  use  of  such  storage  will  be  made 
within  a period  of  time  which  will  permit  repayment 
of  the  cost  of  such  water  storage  within  the  life  of  the 
reservoir  structure’’  . . . 

The  Housing  and  Urban  Development  Act  (P.L. 
M-117).  is  administered  by  the  newly  created  Depart- 
ment of  Housing  and  Urban-Development  to  assure 
“...sound  development  of  the  Nation’s  communities 
and  metropolitan  areas...”  Under  its  provisions,  grants 
for  construction  of  water  distribution  and  treatment 
facilities  are  available  up  to  50  percent  of  the  project 
cost.  Under  some  circumstances,  grants  of  up  to  90 
percent  can  be  made.  Another  provision  makes  grants 
of  2/3  of  the  cost  of  planning  available  (M  in  an 
economically  depressed  area)  for  a general  area-wide 
facilities  plan.  Advance  planning  loans  for  individual 
facilities  of  up  to  100  percent  of  the  cost  are  also 
available.  The  latter  need  not  be  repaid  if  the  project 
is  not  constructed. 

The  Consol  Meted  Farmers  Home  Administra- 
tion Act  of  1M1  (P.L  87-1281-is  administered  by 
the  Farmers  Home  Administration  of  the  Department 
of  Agriculture.  Under  provisions  of  a 1965  amend- 
ment to  this  legislation,  grants  of  up  to  50  percent  of 
the  cost  of  water  supply  facilities  can  be  made  to 
communities  with  under  5,500  population.  In 
addition,  the  Act  provides  for  development  loans  or 
loan  insurance  and  grants  up  to  100  percent  to  aid  in 
comprehensive  area-wide  planning  for  water  supply 
and  sewage  disposal  projects. 

The  above  programs  are  not  however,  univer- 
sally applicable  nor  may  they  be  adequately  funded 
to  provide  the  financial  assistance  required  to  imple- 
ment the  improvements  envisioned  hen.  As  compre- 
hensive financial  analysis  of  the  capability  of  water 
utilities  to  provide  an  optimum  system  is  in  order  to 
determine  the  need  for  additional  planning  and 
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construction  grant  or  loan  programs,  by  the  State 
and/or  Federal  Governments. 

There  has  been  no  attempt  in  estimating  costs 
to  include  social  or  non-market  costs  and  benefits  or 
bring  them  into  the  area  of  human  needs  vs.  the  value 
of  water.  One  such  factor  currently  of  immediate 
concern  in  the  Puget  Sound  Area  is  that  of  controlled 
access  watersheds.  In  this  controversy  information  on 
the  public  health  implications  and  social  goals  as  well 
as  economic  cost  variations  are  important  in  our 
present  society.  People  are  willing  to  pay  for  basic 
needs  and  protection  from  injury,  disease  and  death, 
as  well  as  for  aesthetics.  Multiple  use  decisions  must 
take  into  account  the  net  benefit  in  determining  the 
feasibility  of  a project. 

Recreation  is  now  and  probably  will  continue 
to  be  one  of  the  major  water  and  related  land  uses. 
On  the  other  hand,  the  domestic  water  user  seeks  a 
water  source  free  of  pollution  and  as  close  to  its 
pristine  state  as  possible.  If  compromise  of  these 
divergent  desires  is  mandatory  for  any  existing 
single-purpose  reservoir  or  watershed,  stringent  man- 
agement techniques  to  control  quality  deterioration 
from  recreation  and  other  uses  will  be  necessary. 

Also,  water  treatment  facilities  commensurate 
with  the  degree  of  quality  degradation  must  be 
installed  to  protect  the  consumers’  health.  The 
question  then  reduces  to  the  economic  feasibility  of 
controls  and  treatment  and  methods  of  financing  the 
cost  of  facilities  and  management. 

An  evaluation  of  both  political  and  economic 
ramifications  comes  into  play  in  this  situation.  The 
cost  of  the  additional  treatment  must  be  borne  by  a 
limited  number  of  water  consumers  while  recreation 
benefits  pass  to  a smaller,  widely  spread,  separate 
group.  It  has  been  suggested  that  additional  costs  of 
public  water  supplies  for  equipment,  operation  and 
maintenance  resulting  from  recreation  use  should  be 
assigned  to  the  recreation  function.  Where  the  water 
consumers  constitute  a different  group  from  those 
receiving  the  recreational  value,  some  method  of 
reimbursement  for  increased  treatment  costs  should 
be  made. 

Where  a true  recreational  deficiency  has  not 
been  proven,  domestic-purpose  reservoirs  should  be 
held  in  reserve  and  restricted  to  domestic  and 
compatible  uses,  such  as  hydroelectric  power  genera- 
tion and  controlled  logging.  Only  when  it  becomes 
necessary  to  satisfy  a clearly  defined  recreational 
need  should  they  be  developed  for  recreational  use, 
and  then  only  if  such  development,  including  water 


treatment,  is  economically  justified  and  financially 
feasible. 

AREA  WATER  PLAN 

For  the  purpose  of  this  report,  area  plans  are 
described  in  terms  of  the  following  water  require- 
ments: 

1965  or  Immediate  Requirements 

Year  1 980  Requirements 

Year  2000  Requirements 

Year  2020  or  Ultimate  Requirements 

It  is  not  considered  that  implementation  of  the 
plan  will  be  developed  in  these  major  increments.  It  is 
anticipated  that  the  water  plan  will  grow  in  relative 
increments  in  accordance  with  the  requirements  of 
each  water  service  area.  The  major  increments  of  the 
plan  shown  are  based  on  projected  population  and 
land  use  determination.  It  is  not  possible  to  accur- 
ately anticipate  all  possible  variations  in  land  use 
developments  which  may  require  extension  or  modifi- 
cation of  the  generalized  plan  presented  herein.  It  is 
anticipated  that  each  basin  plan  will  be  modified  in 
detail  at  the  time  that  the  general  plan  for  each  water 
service  area  is  developed  and  that  it  will  be  further 
refined  as  facilities  are  constructed.  Basically  a basin 
plan  presents  an  orderly  and  logical  basic  plan  for 
water  supply  and  distribution  which  fulfills  the 
criteria  previously  discussed  herein. 

This  section  of  the  report  presents  the  major 
features  of  fulfilling  the  M & I water  source  and 
transmission  requirements  of  an  increasingly  urban- 
ized and  industrialized  Puget  Sound  Area  envisioned 
for  the  period  from  1965  to  2020  for: 

1.  The  Selected  Area  Plan, Table  2-12. 

2.  The  Alternative  Area  Plan,  Table  2-13. 

The  source  plan  for  each  basin  is  shown  in 
detail  in  its  chapter.  The  distribution  system  improve- 
ments, which  remain  the  same  irrespective  of  source 
development  have  been  presented  earlier.  The  Selec- 
ted Area  Plan  and  the  Alternative  Area  Plan  can  be 
compared  and  sumarized  as  follows: 

Quantity  and  quality  on  the  whole,  are  ade- 
quate for  all  requirements  contingent  upon  individual 
basins  being  able  to  import  water  from  basins  having 
adequate  supplies,  except  for  the  San  Juan  Islands. 

The  San  Juan  Island  future  water  supply 
appears  to  be  assured  only  with  a feasible  scheme  of 
water  development  reclamation  or  reuse.  Brackish 
water  desalinization,  recharge  of  known  aquifers  and 


further  location  and  testing  additional  ground  water 
reservoirs  for  augmenting  meager  surface  water 
supplies  offers  some  possibilities. 

Area  water  needs  will  increase  from  an  annual 
average  of  660  mgd  in  1965  to  2,992  in  2020.  Basins, 
such  as  the  Cedar-Green  and  the  Puyallup,  which 
presently  depend  upon  imported  water,  will  draw 
upon  these  sources  to  a much  greater  extent,  as  their 
population  and  industry  increase. 

Inter-basin  transfers  will  increase  in  number  and 
size  as  urban  demands  proceed  upward.  From  an 
engineering  standpoint,  there  are  few  insoluble  prob- 
lems, and  the  joint  development  of  a river  or  ground 
water  basin  can  confer  advantages  much  greater  than 
could  be  obtained  by  the  aggregate  of  a number  of 
individual  schemes. 

The  primary  source  of  water  from  the  present 
to  the  year  2020  is  shown  as  surface  water,  ground 
water,  or  imported  water.  Only  the  Puyallup  and 
Cedar-Green  Basins  and  the  San  Juan  and  Whidbey- 
Camano  Islands  must  import  water  because  their 
increasing  needs  are  greater  than  the  potential  supply. 
The  San  Juan  and  Whidbey-Camano  Islands  lack 
adequate  supplies  of  water  for  any  need  except 
rural-individual  and  a few  small  community  supplies. 
The  Puyallup,  Cedar-Green  and  Whidbey-Camano 
Basins  presently  use  water  imported  from  other 
basins. 

Accomplishments  are  a comparison  of  the 
difference  between  the  peak  mgd  at  optimum  require- 
ments and  the  present  (1965)  or  projected 
(1980-2020)  peak  in  the  Water  Use  Tables  for  each 
basin.  The  magnitude  of  this  number  shows  how  the 
consecutively  occurring  peaks  of  domestic  users,  plus 
the  maximum  industrial-demand  month  structures  a 
system’s  design,  as  the  average  annual  demand  does 
not.  This  value  increases  from  1965  to  2020  and 
represents,  numerically,  the  same  conditions  as  the 
upturn  in  graphs  of: 

1.  Projected  Population  Growth  (example: 
Figure  7-4) 

2.  Relative  Production  Growth  (example: 
Figure  7-5)  after  the  year  2000. 

Residua]  represents  the  capacity  necessary  to 
supply  peak  uses  over  the  annual  average  use  in  Table 
2-9.  This  number  shows  that  once  the  water  supply 
systems  are  brought  up  to  optimum  rating  (after 
1965),  all  peak  demands  for  the  Area  as  a whole  are 
approximately  twice  the  annual  average.  Regionally 
this  is  true,  but  examination  of  the  Nooksack- 
Sumas,  the  Stillaguamish  and  other  basins  indicates 


that  each  basin  by  itself  is  a much  different  circum- 
stance. 

Costs  for  system  expansions  are  determined 
from  unit  cost  data  presented  in  Table  2-1 1 , approx- 
imately $2.3  billion  to  the  year  2020  for  both  the 
Selected  Area  Plan  and  the  Alternative  Area  Plan. 
The  majority  of  funding  is  required  for  storage  and 
distribution,  and  net  supply  source  and  transmission 
development,  as  any  water  system  of  more  than  a 


very  nominal  size  can  demonstrate. 

1965 

20%  of  $55  million  income 
for  bond  service 

$1 1 million 

Bond  service  required  for 
facilities 

4 million* 

1980 

20%  of  $94  million  income 
for  bond  service 

$19  million 

Bond  service  required  for 
facilities- million  1967  dollars 

12  million* 

2000 

20%  of  $156  million  income 
for  bond  service 

31  million 

Bond  service  required  for 
facilities-million  1967  dollars 

23  million* 

2020 

20%  of  $216  million  income 
for  bond  service 

43  million 

Bond  service  required  for 
facilities-million  1967  dollars 

38  million* 

•Costs  from  T able  2-13,  1967  dollars. 

By  1985  income  which  can  conceivably  be 
applied  to  service  bonds  will  not  be  adequate  to 
provide  the  optimum  systems  due  to  cost  increases. 
By  2020  bond  service  to  construct  facilities  will  be 
more  than  three  times  the  increased  income  from 
1965  to  2020. 

Bonding  costs  and  income  available  are  ex- 
amined in  the  individual  basins  Means  to  Satisfy 
Needs  Sections. 

The  Selected  Aree  Water  Supply  Plan  is  an 

extension  of  existing  major  M & I water  supply 
departments  and  utilities  plans  to  supply  developing 
areas  and  the  many  small  water  districts,  companies 
and  cooperatives  within  their  service  or  transmission 
areas  by  annexation  or  direct  bulk  delivery.  Surface 
water  from  within  the  basin  will  be  the  main  supply 
for  seven  of  the  basins.  Four  of  the  basins  will  use  or 
depend  upon  imported  water  from  adjoining  basins. 
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Five  basins  will  be  surface  water;  four,  imported 
water;  and  two  will  remain  on  ground  water  supplies. 

Supply  and  transmission  costs  for  these  basin 
supplies  will  be  about  $464  million.  This  financial 
outlay  will  result  in  a number  of  storage  and  reservoir 
projects,  in  addition  to  a much  smaller  percentage  of 
ground  water  development,  to  supply  an  annual 
average  need  of  2,992  mgd. 

The  Alternative  Area  Water  Supply  Plan-is  the 
second  most  feasible  and  economical  plan  for  the 
major  supply  departments.  Both  alternatives  are 
based  on  the  assumption  that  major  purveyors  will: 

1.  Annex  adjacent  arsas 

2.  Direct  retail  sale  of  water  to  smaller  systems 

3.  Become  the  major  purveyor  in  a county 
service  or  regional  system.  Smaller  departments  will 
purchase  or  otherwise  receive  water  from  the  larger 
purveyor.  Nonetheless  many  will  find  it  cheaper  or 
desirable  to  develop  their  own  source  in  any  form  of 
surface  or  ground  water. 

The  difference  in  cost  for  the  Puget  Sound 
Area  between  the  selected  and  alternative  plan  to  the 


year  2020  is  approximately  $15  million,  the  alterna- 
tive plan  being  more  expensive.  This  increased  cost 
is  due  to  more  municipalities  using  surface  water, 
which  is  higher  unit  cost  to  begin  with  (Table  2-1 1) 
and  which  also,  in  most  instances,  requires  treatment. 

It  must  be  noted  that  both  the  selected  and 
alternative  plans  will  supply  the  Annual  Average  and 
Optimum  (or  Peak)  Requirements  (see  Tables  2-12 
and  2-13). 

Municipal  and  Industrial  Water  Supplies  have 
been  projected  and  developed  on  the  basis  that  where 
water  is  available  the  projected  needs  can  be  met  with 
their  accompanying  estimated  costs.  Additional 
functions  and  water  needs  are  presented  in  other 
appendices  and  have  equal  consideration  for  use  of 
water  with  municipal  and  industrial  supplies. 

Municipal  and  Industrial  Supplies  do  not  have  a 
predominant  or  preferred  right  over  other  needs  such 
as  irrigation,  fish  and  wildlife,  etc.  A more  equali- 
tarian  treatment  than  “water  is  available  and  can  be 
taken  as  desired”  is  considered  in  the  appendix  on 
comprehensive  plan  formulation. 
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TABLE  2-12.  Satactad  ana  plan  for  municipal  and  industrial  watar  supply  (Cont'd) 


Wan 

L«M4 

Naad(mpd) 

Wan 

1.  Primary  Sourea 

2.  Secondary  Sourea 

3.  Tartiarv  Sourea 

Surfaca  Import.  Grd. 

Malar  6or.  MV.  Mai. 

Accomplish- 

manta* 

(mfd) 

Residuals6 
(mfd) 
(Add!.  Mv. 
Nac.  for 

Reeks) 

Million  1867  Dollars 
Amortised  Capital  Cost 

Total 

Annual 

Incoma 

Annual 
A hi  MM 

*sak 

or 

Optimum 

Supply 

and 

Transm. 

Storapa 

and 

Distrib. 

Supply 

and 

Transm. 

Storapa 

and 

Disvib. 

Tom 

1 

2 

3 

4 

5 

6 

7 

8 

8 

10 

11 

12 

13 

NtSQuaHy-DMchutat 

Exist 

20  mod 

1*66 

0 

28 

2 

Nona 

1 

8 

8 

22 

0.27 

2.10 

2.37 

.736 

19*0 

27 

59 

2 

Nona 

1 

7 

7 

25 

1.78 

2.02 

3.80 

2.354 

2000 

62 

113 

2 

Nona 

1 

17 

17 

35 

3.09 

9.66 

12.64 

4.648 

2020 

96 

183 

2 

Nona 

1 

26 

26 

50 

3.80 

14.16 

19.13 

7.498 

8.94 

27.83 

Mast  Sound 

Exist 

54  mod 

I960 

49 

115 

1 

Nona 

2 

61 

51 

86 

4.32 

7.87 

12.19 

3.790 

I960 

93 

168 

1 

Nona 

2 

63 

63 

77 

6.60 

16.49 

23.09 

6.774 

2000 

137 

266 

1 

Nona 

2 

88 

66 

120 

9.46 

36.83 

46.28 

9.678 

2020 

192 

354 

1 

Nona 

2 

sa 

88 

237 

10.16 

48.61 

58.77 

14.496 

30.53 

108.80 

170.56 

EMtsOuitpMiMi 

SUM. 

77  mfd 

1966 

64 

77 

1 

Nona 

2 

13 

0.02 

2.50 

2.52 

5.417 

1*90 

130 

164 

1 

Nona 

2 

87 

87 

26 

0.78 

0.48 

1.26 

11.642 

2000 

210 

243 

1 

Nona 

2 

78 

78 

36 

1.28 

3.44 

4.72 

16.677 

2020 

271 

348 

1 

Nona 

2 

75 

75 

49 

0.64 

6.01 

5.65 

20.209 

2.72 

11.43 

14.16 

San  Juan 

Exist 

5 mfd 

1066 

06 

17 

1 

Nona 

2 

12 

16 

0.69 

0.69 

1900 

0.6 

26 

2 

1 

2 

a 

24 

0.06 

0.08 

2000 

0* 

41 

2 

1 

2 

16 

40 

0.32 

0.32 

2000 

1.1 

73 

2 

1 

2 

32 

72 

0.60 

0.50 

1.40 

1.48 

Whidbay-Camano 

Exist 

6mpd 

1*66 

4 

13 

3 

2 

1 

9 

6 

9 

0.77 

1.41 

2.18 

0.421 

19*0 

7 

IS 

3 

1 

2 

6 

6 

12 

0.34 

2.46 

2.80 

0.749 

2000 

10 

29 

3 

1 

2 

7 

7 

16 

9.16 

3.20 

8.43 

1.168 

2020 

19 

34 

3 

1 

2 

* 

9 

20 

iw 

4.06 

6.54 

1.636 

8.16 

11.80 

19.96 

Total  An* 

Exist 

1,031  mfd 

19*6 

960 

1.6*0 

1 

2 

3 

660 

671 

1.036 

36.9 

83.2 

119.7 

66.330 

isr> 

1.2*3 

2.603 

1 

2 

3 

sa* 

697 

1.360 

89.3 

269.7 

366.0 

94.117 

2000 

2.042 

4.213 

1 

2 

3 

1673 

1.699 

2.031 

136.7 

888.2 

701.9 

186.766 

2020 

31192 

MH 

1 

2 

3 

2.36* 

2.427 

3,106 

214.7 

601.7 

1,116.4 

217.92* 

i;si*.o 

2.264.0 

* 4 — mpHOwim:  The  eetattos  or  projected  optimum  peek  mft  mtaue  Ou  •mkmuri  peek  m*i  tar 
Vw  MM  ascOBMNs  pl«l  lavs!. 


b 8—iduat:  Opt>mimi  pask  mpd  rninm  «ha  annual  ump  for  tfw  plan  lawal. 

•^•w.  imsiM  sysmni  iwfuirarnanis  m ■nnBfflPR  imi  ■■  BHiPr  ■>  wa  iMpmnv 

^^a<  «||a^M  a.  §^1^ 

pat^ay 
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TABLE  2-13.  AWwnrtw  area  plan  for  municipal  and  industrial  water  supply 


Won 

Acoompfich- 

ntiduth0 

1.  Primary  Sourca 

manta* 

lined) 

Million  1967  Oollara 

Need  In** 

2.  Secondary  Sou  re* 

lined) 

(Addl.  Wtr. 

Amortiaad  Capitol  Coat 

3.  Tertiary  Source 

Supply  Storage 

Noe.  for 

Supply 

Storapa 

Total 

Plan 

LmI 

1! 

or 

Optimum 

Surface  Import.  Grd. 

Water  Sue.  Wtr.  Wot. 

and  and 

Tronam.  Dot  rib. 

Moatinf 

Pooka) 

and 

Tronam 

and 

Oiatrito. 

Total 

Annual 

Incoma 

1 

2 

3 

4 6 6 

7 8 

9 

10 

11 

12 

13 

NOOfcMCk-SuffWi 

liM.  77  mgd 


1986 

73 

101 

1 

None 

2 

24 

24 

29 

4 68 

3.69 

8.17 

8.844 

1980 

168 

200 

1 

None 

2 

99 

99 

44 

13.21 

6.08 

18.30 

13.881 

2000 

211 

271 

1 

None 

2 

71 

71 

69 

8.66 

10.69 

20.24 

38.122 

2800 

283 

371 

1 

None 

2 

100 

100 

80 

4.66 

14.07 

19.63 

26.268 

31  .SO 

34.34 

66.24 

th^dlamiah 

fatal. 

44  mod 

tees 

28 

S3 

1 

Nona 

2 

9 

9 

26 

1.21 

3.48 

4.69 

3.164 

isao 

48 

79 

2 

Nona 

1 

26 

26 

31 

3.27 

2.92 

6.19 

6.462 

ssso 

77 

118 

2 

Nona 

1 

39 

39 

43 

6.06 

6.69 

12.64 

8.044 

ssso 

116 

176 

2 

Nona 

1 

68 

66 

62 

8.70 

11.46 

20.16 

11.600 

19.13 

24.65 

43.68 

law. 

7 mod 

tees 

2 

S 

1 

Nona 

2 

1 

1 

6 

0.10 

0.61 

0.71 

0.188 

iseo 

6 

14 

2 

Nona 

1 

6 

6 

11 

2.09 

1.04 

4.03 

0.421 

2000 

8 

20 

2 

Nona 

1 

14 

14 

21 

2.SS 

4.47 

7.13 

0M6 

saw 

17 

SO 

2 

w« 

non 

1 

22 

22 

37 

3.61 

8.77 

10.28 

1.618 

S.36 

13.79 

22.15 

j aa+mm 

CaM. 

210  mad 

ISOS 

181 

347 

1 

None 

2 

37 

37 

86 

4.30 

6.90 

11.20 

12.074 

isao 

283 

408 

1 

None 

2 

168 

160 

143 

1S.67 

37.49 

66.06 

10.189 

2000 

418 

S47 

1 

None 

2 

241 

241 

232 

34.73 

66.88 

90.61 

30.887 

2020 

640 

804 

1 

None 

2 

247 

247 

368 

31.19 

111.30 

142.49 

32.032 

68.79 

221.67 

300.36 

*--« — «e 

LnaAitwn 

i I 

407  mod 

toss 

186 

730 

1 

2 

3 

331 

331 

673 

18.94 

49.64 

64.48 

13.649 

1SS0 

384 

1,087 

2 

1 

3 

329 

329 

888 

21.70 

168.67 

181.27 

33.713 

2000 

684 

1.804 

2 

1 

3 

737 

737 

1,082 

20.02 

326.00 

362.92 

39.403 

3020 
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NOOKSACK-SUMAS  BASINS 

INTRODUCTION 


The  Nooksack-Sumas  Basins,  Figure  3-1, 
bounded  on  the  east  by  the  western  slopes  of  the 
Cascade  Mountain  Range  and  on  the  west  by  the 
Strait  of  Georgia,  is  located  in  the  northern  corner  of 
the  Puget  Sound  Area.  Occupying  about  1 ,628  square 
miles  of  land  in  Whatcom  County,  the  Basins  encom- 
pass the  expanding  urban-industrial  center  of  Belling- 
ham, an  important  deep-water  port.  Principal  indus- 
tries in  the  Batins  are  dairying,  forest  products,  oil 
refining,  and  beat  metal  reduction. 

A considerable  increase  in  population  and 
industry,  nrpported  by  a continuing  increase  in 
activity  and  tonnage  handled  at  the  port  of  Belling- 
ham, is  projected  for  the  Baains.  The  demand  for 
muniripal  and  industrial  water  supplies  is  expected  to 
Increase  commensurate  with  this  growth.  Projections 
indicate  that  population  will  increase  216  percent  by 
the  year  2020,  production  growth  it  expected  to 
triple,  and  total  water  requirements  are  expected  to 
reach  293  million  gallons  per  day,  more  than  four 
times  the  present  water  needs  of  about  72  million 
gallons  per  day.  Surface  and  ground  water  supplies 
now  adequately  meet  municipal  and  industrial  needs, 
except  in  tome  rural  areas  and  new  industrial  park 
developments.  Presently  developed  water  sources, 
however,  will  be  unable  to  meet  projected  future 
demands,  and  will  require  additional  facilities  and 
larger  systems. 

GEOGRAPHY 

The  Nooksack-Sumas  Basins  have  contrasting 
geographical  features.  The  eastern  portions,  extending 
into  the  Cascade  Mountain  Range,  are  remote,  heavily 
forested  mountainous  areas  that  include  the  peaks  of 
Mount  Baker  (10,778  feet)  and  Mount  Shuksan 
(9,127  feet),  both  continuously  anowclad.  From  the 
mountains  to  the  Strait  of  Georgia,  the  Baains  consist 
of  rolling  hills,  numerous  streams  and  lakes,  and 
hummocky  glacial  plateaus  connected  by  gentle 
slopes  to  richly  fertile  lowlands  of  the  brood  river 
valleys.  Of  the  1 ,628  square  miles  that  comprise  the 
Beams,  1,256  square  miles  consist  of  land  and  inland 
waters. 

The  largest  and  moat  important  stream  system 
in  the  Basins  is  the  Nookaack  River  and  its  major 


tributaries,  the  North,  South,  and  Middle  Forks.  The 
tributaries  of  the  Nookaack  head  in  the  Mount 
Baker-Shuksan  area  of  the  Cascade  Range  and  con- 
verge near  the  town  of  Deming,  around  which  the 
Nooksack  flood  plains  make  up  much  of  the  fertile 
lowlands.  From  Deming,  the  river  winds  through  37 
miles  of  twisting  channels  to  its  outlet  in  Bellingham 
Bay.  The  Nookaack  drains  about  826  square  miles,  of 
which  49  square  miles  are  in  Canada.  Between  the 
Nooksack  River  and  the  Canadian  Border  lie  the 
headwaters  of  the  Chilliwack  and  Sumas  rivers,  which 
flow  northward  to  the  Fraser  River  in  British 
Columbia.  The  Chilliwack  drains  174  square  miles  in 
Washington  and  the  Sumas  drains  some  of  the 
lowlands  in  the  northwestern  part  of  the  Basins. 

Practically  all  the  surface  water  storage  in  the 
Basins  is  contained  in  natural  lakes,  Lake  Whatcom 
being  the  largest,  and  in  snowfields  and  glaciers  on 
Mount  Baker  and  Mount  Shuksan. 


CLIMATE 

The  Nooksack-Sumas  Basins  experience  a typi- 
cally mid-latitude,  West  Coast  marine -type  climate. 
The  Basins  have  mild  but  rainy  winters  and  cool 
summers,  with  a mean  temperature  of  about  10°C 
(50°F).  Winter  temperatures  average  4.4#C  (40°F), 
and  summer  temperatures  average  16.6°C  (62°F). 
The  temperature  seldom  reaches  32°C  (90°F)  in  the 
summertime.  Rainfall  is  light  in  summer,  increases  in 
fall,  reaches  a peak  in  winter,  and  then  decreases  in 
spring.  The  heaviest  rainfall,  about  100  inches  annu- 
ally, occurs  on  the  summit  and  slopes  of  Mount 
Baker.  Throughout  the  Basins,  80  percent  of  the  rain 
falls  in  the  winter  months,  and  heavy  snowfall  on  the 
Cascade  Mountain  Range  provides  storage  water  to 
assure  streamflow  in  the  Basins  throughout  the 
summer. 

POPULATION 

The  estimated  1967  population  is  about 
77,300,  over  half  of  which  is  urban.  The  principal 
towns  and  their  estimated  population  are  Bellingham 
with  36400,  Lynden  with  2,850,  Blaine  with  1,775, 
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Ferndale  with  1 ,850,  Sumas  with  674,  and  Everson 
with  625. 

ECONOMY 

The  economy  of  the  Nooksack-Sumas  Basins  is 
based  on  dairying,  forest  products,  oil  refining, 
canning,  pulp  and  paper  products,  and  reduction  of 
primary  metals,  such  as  aluminum.  In  addition,  the 
deep  water  ports  of  Bellingham  and  Blaine  are  major 
Northwest  shipping  centers. 

Only  a few  years  ago,  the  Basins  economy  was 
based  almost  completely  on  timber  and  agricultural 
products.  Although  these  are  still  major  industries, 
other  important  water-using  industries,  including  an 
oil  refinery,  a pulp  and  paper  mill,  and  an  aluminum 
reduction  plant,  have  recently  moved  into  the  Basins. 
This  industrial  diversification  has  stimulated  popula- 
tion growth  and  economic  expansion  in  the  Basins. 
The  reclamation  of  tidelands  at  Bellingham  for 
industrial  use  will  add  further  to  this  expansion. 

In  addition,  the  Nooksack-Sumas  Basins  is 
experiencing  an  increase  in  tourist  trade  from  both 
local  and  Canadian  residents.  The  scenic  areas,  partic- 
ularly Mount  Baker  National  Forest,  attract  several 
hundred-thousand  persons  annually  for  recreational 
activities  such  as  hunting,  fishing,  hiking,  riding, 
skiing,  and  camping. 

LAND  USE 

Mountainous  forests  and  alpine  country  (Photo 
3-1)  in  the  eastern  part  of  the  Basins,  most  of  which 
is  Federally  owned,  accounts  for  about  75  percent  of 
total  land  use.  The  lowland  areas,  once  completely 
covered  by  dense  forests  of  conifers,  were  cleared  and 
converted  to  farm  land  at  the  beginning  of  this 
century,  and  have  since  developed  into  one  of  the 
major  dairy  centers  of  Washington  State.  Thus,  most 
of  the  agricultural  land  on  the  flood  plains  and  in  the 


river  valleys  (about  140,000  acres)  is  now  used  for 
permanent  pasture  and  hay  crops  to  support  the  dairy 
industry.  Urbanized  areas,  mostly  in  and  around 
Bellingham  and  Ferndale,  occupy  approximately 
20,000  acres.  Table  3-1  summarizes  general  land  use 
in  the  Basins. 


PHOTO  3-1.  Alpine  meadows  and  mountains  domi- 
nate the  eastern  portion  of  the  Basins. 


TABLE  3-1.  General  land  use 


Type 

Acres 

Forestland 

609,000 

Cropland 

137,000 

Rangeland 

12,000 

Other  land  (high,  barren) 

13.000 

Urban  buildup 

21,000 

Inland  water 

12,000 

Total  land  and  inland  water 

804.000 

Sourer  Appendix  III,  Hydrology. 


PRESENT  STATUS 


WATER  USE 

Surface  and  ground  water  supplies  now  ade- 
quately meet  municipal  and  industrial  needs,  except 
in  some  rural  areaa.  Certain  rural-individual  supplies 
ate  inadequate  in  either  quality  or  quantity.  Ground 
water  ie  presently  scarce  in  the  Lake  Terrell  uplands. 


surrounding  Ferndale  Industrial  Park.  Any  substantial 
growth  in  this  area  will  most  likely  result  in  replace- 
ment of  the  existing  small  wells  with  a large  surface 
water  system. 

Present  municipal,  industrial,  and  rural- 
individual  water  use  in  the  Basins  averages  72.7 
million  gallons  per  day  (Table  3-2),  of  which 
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Municipal 

Daily  municipal  water  use  in  the  Batins,  from 
both  surface  and  ground  sources,  averages  about  1 1 .2 
mgd.  Of  this,  about  8.9  mgd  is  supplied  to  some 
40,000  users  in  the  Bellingham  area  for  a per  capita 
usage  of  nearly  223  gpd.  The  remaining  19,400 
municipal  users  are  supplied  approximately  1 .9  mgd 
from  several  small  distribution  systems  for  a per 
capita  usage  of  98  gpd.  Average  per  capita  usage  for 


industries  use  83  percent  and  the  remainder  is  tapped 
from  municipal  and  rural-individual  outlets  by 
approximately  77,700  persons.  At  present,  approxi- 
mately 94  water  systems  (Table  2-7)  serve  a total  of 
more  than  62,000  people,  about  80  percent  of  the 
total  Basins  population.  The  systems  vary  widely  in 
size,  but  about  SO  of  them  serve  less  than  200  persons 
each.  The  present  status  of  water  use  in  the  Basins  is 
summarized  in  Table  3-2. 


Estimated  Surface  water  mags  (mad) 

population  Average  Maximum  Maximum 
served  daily  monthly  daily 


Ferndale 

Everson 

Rural  community  systems 
Subtotal 


69.400F 

18,300 


the  entire  Basins  is  slightly  more  than  230  gpd.  The 
rather  high  per  capita  usage  in  the  Bellingham  area 
seems  to  be  accounted  for  by  the  lack  of  a domestic 
service  metering  system. 

Although  Bellingham,  largest  water  supplier  in 
the  Basins,  provides  more  than  80  percent  of  the 
water  used  by  municipal  consumers  in  the  Basins,  this 
quantity  represents  only  about  17  percent  of  the 
total  amount  of  water  used  in  the  Bellingham  area. 
The  remainder  is  supplied  to  industrial  users.  Average 
daily  water  use  for  Bellingham  from  1942  through 
1966  is  plotted  in  Figure  3-2.  Average  monthly 
demand  profiles  for  municipal  use,  Georgia  Pacific 
Mills,  and  the  total  system  is  shown  in  Figure  3-3. 

Industrial 

The  largest  industrial  user  in  the  Basins  is  the 
Georgia-Pacific  Pulp  and  Board  Mill  which  is  served 
from  the  Bellingham  municipal  system,  about  65%  of 
the  total  system  supply.  Water  use  for  the  mills  is 


shown  in  Figure  3-2.  This  plant  operates  five  facili- 
ties: (1)  a calcium-base  sulfite  mill  with  a capacity  of 
527  tons  of  pulp  per  day;  (2)  a board  mill  with  a 
capacity  of  about  40  tons  of  paper  board  per  day;  (3) 
a waste  liquor  recovery  plant  which  produces  market- 
able quantities  of  alcohol  and  driea  liquor  solids;  (4) 
a tissue  mill  with  a capacity  of  190  tons  per  day;  and 
(5)  a new  chlorine  plant.  Of  the  46  mgd  of  water  used 
by  the  entire  plant,  the  estimated  amount  of  water 
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FIGURE  3-2.  Bellingham  water  consumption. 


FIGURE  3-3.  Bellingham  water  use  profiles. 


3-4 


used  by  four  of  the  facilities  is  summarized  in  Table 
3-3. 


TABLE  3-3.  Georgia  Pacific  mill  water  usa 


Production 

capacity 

(tona/dayl 

Average 
dally  usa 
(mgd) 

Dm  par 
unit 

production 

Sulfite  pulp  plant 

527 

37.6 

71.4 

Paper  board  plant 

40 

1.4 

35.0 

Papar  plant 

too 

7.0 

36.8 

The  Intalco  Aluminum  Reduction  plant  west  of 
Ferndale  operates  two  potlines  with  a capacity  of 
153,000  short  tons  per  year.  The  plant  uses  an 
average  of  7 mgd,  or  16,700  gal/ton.  The  plant  has 
capacity  for  the  addition  of  a third  potline. 

The  Mobil  Oil  refinery,  also  located  west  of 
Ferndale,  refines  crude  oil  received-  from  Canada. 
Production  capacity  is  about  37,000  barrels  per  day 
and  water  use  averages  2 mgd,  which  indicates  a unit 
water  use  of  54  gallons  per  barrel. 

Fish,  fruit,  vegetable,  and  similar  processing 
industries  in  Bellingham,  Lynden,  Ferndale,  and 
Everson  use  an  average  of  2.48  mgd  during  their 
seasonal  production. 

RuraMndividiial 

About  18,300  widely  scattered  rural-individual 
consumers  (Photo  3-2)  use  approximately  0.10  mgd 
of  surface  water  and  0.90  mgd  of  ground  water. 
These  figures  are  based  on  the  assumption  that 
ground  water  is  used  by  90  percent  of  the  rural 
population  and  that  per  capita  use  is  55  gpd.  At 
present,  numerous  small  wells  serve  the  rural  popula- 
tion. 


PHOTO  3-2.  Small  walla  constitute  the  major  sources 
of  domotic  water  for  rural  and  induetrlal  eourcee. 


WATER  SUPPLIES 

As  previously  stated,  the  total  daily  water 
consumption  in  the  Nooksack-Sumas  Basins  averages 
about  72.7  mgd.  Of  this  total,  surface  water  supplies 
69.3  mgd,  and  ground  water  supplies  the  remaining 
3.4  mgd.  The  main  sources  of  water  are  the  Nooksack 
River  and  its  major  tributaries,  the  North,  South,  and 
Middle  Forks,  and  Lake  Whatcom.  Other  sources 
include  numerous  creeks,  streams,  drilled  wells,  and 
springs. 


Municipal 

Two  cities,  Bellingham  and  Lynden,  obtain 
their  water  from  the  Nooksack  River.  The  remaining 
municipal  systems  use  ground-water  supplies. 

Bellingham- Bellingham  relied  primarily  on 
Lake  Whatcom  as  a source  of  water  prior  to  comple- 
tion of  the  diversion  from  the  Middle  Nooksack  River 
in  April  1962  (Photo  3-3).  Water  from  the  Middle 
Fork  is  now  diverted  through  a 10-mile  pipeline  into 
Mirror  Lake,  from  where  it  flows  down  Anderson 
Creek  into  Lake  Whatcom.  Present  capacity  of  the 
pipeline,  95  cfs  (60  mgd)  satisfies  average  daily 
system  demand. 

Operation  of  the  system  is  directed  toward 
holding  the  level  of  Lake  Whatcom  nearly  constant  at 
elevation  314  feet.  The  lake  level  is  required  by  court 
order  to  be  maintained  at  an  elevation  not  to  exceed 
314.94,  which  provides  an  active  storage  capacity  of 
about  20,000  acre-feet.  Both  inflow  from  the  Middle 
Fork  diversion  and  outflow  from  the  lake  are  varied 
to  maintain  this  lqvel.  Total  capacity  of  Lake  What- 


PHOTO  3-3.  Bellingham  diverts  water  from  the 
Middle  Fork  of  the  Nooksack  River  for  municipal  and 
industrial  un. 
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com  at  elevation  315  is  765,000  acre-feet.  All 
domestic  water  in  Bellingham  is  processed  through  a 
filtration  plant. 

Lynden- Lynden  diverts  its  water  supply  from 
the  Nooksack  River  at  Lynden.  Treatment  prior  to 
distribution  includes  filtration  and  disinfection.  Three 
relatively  small  food  processing  industries  are  served 
by  the  system. 

Ferndale-Ferndale  obtains  its  water  supply 
from  five  drilled  wells.  Water  is  provided  without 
treatment  to  an  estimated  1,600  people.  Approxi- 
mately 85  percent  of  the  700  services  in  the  town  are 
metered.  One  major  vegetable  freezing  plant  is  also 
served  by  this  system. 

Many  small  cooperative  water  systems  have 
been  formed  in  areas  where  ground  water  is  deep  and 
expensive  to  reach  on  an  individual  basis,  or  where 
iron  concentrations  in  the  shallow  ground-water 
supply  are  sufficiently  high  to  be  objectionable. 
These  rural  systems  serve  much  of  the  area  surround- 
ing Lynden  and  west  of  Ferndale. 

Industrial 

Whatcom  County  PUD  No.  1 provides  indus- 
trial water  to  the  Intalco  Aluminum  Company  from 
the  Nooksack  River  at  Ferndale.  The  water  is 
classified  prior  to  delivery. 

All  large  industrial  water  supplies  are  obtained 
from  publicly-owned  systems,  except  that  for  the 
Mobil  Oil  Company  refinery  near  Ferndale.  This 
company  diverts  an  average  of  2 mgd  (maximum  of 
2.7  mgd)  from  the  Nooksack  River,  filtering  the 
water  prior  to  use. 

Rural-Individual 

An  estimated  4,460  rural-individual  water 
systems  within  the  Basins  serve  18300  people.  About 
90  percent  of  these  systems  use  ground  water  as  a 
source  of  supply. 

WATER  RIGHTS 

The  Nooksack-Sumas  Basins  have  a total  of  927 
recorded  water-rights;  of  these,  374  are  surface  and 


533  are  ground  (1966-1967).  Municipal  use  accounts 
for  most  of  the  appropriated  surface  water,  and  as 
presently  authorized  under  prime  rights,  a maximum 
of  199  mgd  can  be  diverted  for  this  purpose.  The  city 
of  Bellingham  has  rights  under  two  filings  to  divert 
most  of  this  quantity.  The  largest  of  these,  for  162 
mgd  on  the  Middle  Fork  of  the  Nooksack  River,  has 
been  partially  perfected,  and  at  present  the  city  is 
actually  diverting  about  66  mgd.  No  diversion  works 
have  been  constructed  at  this  time  in  conjunction 
with  a surface  water  permit  which  allows  the  city  of 
Bellingham  to  develop  32  mgd  of  the  flow  from  the 
South  Fork  of  the  Nooksack  River.  The  city  of 
Lynden  holds  a certificate  to  divert  up  to  3 mgd  from 
the  main  stem  of  the  Nooksack  River  for  municipal 
purposes.  Individual  and  community  domestic 
systems  account  for  30  mgd  of  the  appropriated 
water  in  this  area. 

Approximately  87  percent  of  the  developed 
ground  water  in  this  Basin  is  used  for  irrigation.  A 
total  of  1 18  mgd  has  been  appropriated  for  this  use. 
Individual  and  community  domestic  supplies  account 
for  a total  of  12  mgd.  This  figure  does  not  reflect 
most  single  domestic  wells  which  are  not  required 
under  present  laws  to  have  recorded  water  rights. 
Withdrawals  of  up  to  11  mgd  are  permitted  for 
municipal  supplies,  with  the  cities  of  Sumas,  Everson, 
and  Ferndale  drawing  3 mgd,  2 mgd,  and  0 mgd, 
respectively.  Table  3-4  shows  water  rights  in  the 
Nooksack-Sumas  Basins. 

TABLE  3-4.  Municipal  and  industrial  water  rights 


Type 

Muni- 

cipal 

(mgd) 

Indi- 
vidual 
and 
com- 
munity 
domes- 
tic (mgd) 

Indus- 

trial 

and 

com- 

mercial 

(m*l) 

Surface  water 

199.0 

29.9 

25.7 

Ground  water 

10.9 

12.6 

2.4 

Total  • 

.709.9 

42.4 

28.1 

* About  100  mgd  in  additional  appropriate*  rights  have 
b**n  gran  tad  for  other  consumptive  uses  in  the  basin. 


WATER  RESOURCES 


! 


SURFACE  WATER 
Quantity  Available 

Streams  The  largest  and  most  important  sur- 
face water  resource  in  the  Basins  is  the  Nooksack 
River  and  its  three  major  forks.  The  North  Fork  is 
actually  the  main  stem  of  the  river,  and  is  joined  by 
the  Middle  and  South  Forks  near  the  town  of 
Deming. 

The  Nooksack  River  has  two  high  runoff 
periods  each  year:  one  in  the  fall  or  winter  coinciding 
with  the  period  of  maximum  precipitation,  and  one 
in  the  spring  during  the  period  of  snowpack  melt-off. 

A stream  discharge  station  located  near  Lynden 
has  been  used  to  measure  annual  runoff  of  the 
Nooksack  from  a drainage  area  of  about  648  square 
miles. 

Annual  discharge  for  the  Nooksack  River,  as 
measured  near  Lynden,  averaged  3,700  cfs  from  1944 
through  1965.  A maximum  flow  of  46,200  cfs  was 
recorded  at  this  station  in  February  1951,  and  a 
minimum  flow  of  595  cfs  was  recorded  in  November 
1952. 

A lowflow  frequency  analysis  computed  by  the 
USGS  from  data  collected  at  the  Lynden  station 
during  the  18-year  period  from  April  1946  to  March 
1964  revealed  7-day  and  30-day  lowflow  that  can  be 
expected  to  occur  at  this  station  at  intervals  of  5, 10, 
and  20  years.  This  data  is  summarized  in  Table  3-5. 


TABLE  3-5.  Lowflow  frequency 


Discharge  station 

Recur- 

rence 

interval 

(years) 

7-day 

low- 

flow 

(cfs) 

30day 

low- 

flow 

(cfs) 

Nooksack  River  near  Lynden 

6 

900 

1,110 

10 

700 

1,000 

20 

600 

880 

Stream  gaging  records  on  the  Middle  Fork, 
Bellingham's  source  of  water  supply,  are  intermittent, 
covering  only  a few  years.  However,  based  on 
available  data  that  have  been  correlated  with  that  of 
the  Nooksack  River,  average  annual  discharge  is 
estimated  to  be  450  cfs  and  the  minimum  30-day 
lowflow  expected  to  occur  once  in  20  years  is 
estimated  to  be  180  cfs. 

Dama  and  Impoundments-There  are  two 
impoundments  in  the  Nooksack -Sumas  Batins,  one  at 


Lake  Whatcom  and  the  Nooksack  Falls  power  plant 
at  Excelsior.  Lake  Whatcom  supplies  municipal  water 
to  Bellingham,  as  discussed  in  the  following  para- 
graph; the  Nooksack  Falls  impoundment  is  used  only 
for  power  generation. 

Lakes-Practically  all  surface  water  storage  in 
the  Basins  is  contained  in  natural  lakes,  including 
Lake  Whatcom,  Lake  Padden,  and  Lake  Tenell, 
which  have  surface  areas  of  5,003  acres,  152  acres, 
and  700  acres  (maximum),  respectively.  Lake  What- 
com, largest  lake  in  the  Basins,  acts  as  a reservoir  for 
the  Bellingham  Municipal  Water  System.  The  lake 
provides  an  active  storage  capacity  of  20,000  acre- 
feet,  but  has  a total  capacity,  at  elevation  315.00, of 
765,000  acre-feet. 

Quality 

Water  quality  data  have  been  obtained  by  the 
UJS.  Geological  Survey  and  the  Washington  Water 
Pollution  Control  Commission  for  Lake  Whatcom 
near  Bellingham;  Nooksack  River  at  Deming;  and  for 
the  Nooksack  River  at  Ferndale.  The  period  of  record 
for  these  stations  is  shown  in  Table  3-6.  About  30 
small  streams  have  been  sampled  once  and  analysis 
made  for  only  a few  parameters.  Water  quality  of 
Lake  Whatcom  has  been  measured  by  the  Institute 
for  Freshwater  Studies  at  Western  Washington  State 
College. 

In  1965,  the  U.S.  Forest  Service  established  a 
water  quality  station  on  the  Middle  Fork  of  the 
Nooksack  River  about  one  mile  above  the  diversion 
that  supplies  water  for  Bellingham.  Samples  collected, 
primarily  during  the  summer  months,  were  analyzed 
for  suspended  sediment  and  bacteria  in  addition  to 
measurement  of  water  temperature  at  the  time  of 
collection. 

The  quality  of  water  in  Lake  Whatcom  has  been 
intensely  studied  by  the  Institute  for  Freshwater 
Studies  at  Western  Washington  State  College  since 
April  of  1962  to  determine  the  effect  of  diverting 
water  from  the  Middle  Fork  of  the  Nooksack  River 
into  the  lake  and  to  establish  a basis  for  predicting 
probable  changes  in  quality  of  the  lake  water  as  a 
result  of  the  diversion.  However,  a definite  trend  of 
water  quality  has  not  been  established.  Although 
water  entering  the  lake  from  the  Nooksack  River  is 
more  turbid  than  the  lake  water,  it  drops  to  the  lower 
level  of  the  lake  shortly  after  entering  and  rapidly 
mixes  and  dilutes. 


3-7 


Physical -The  color  of  Nooksack  River  waters 
at  Ferndale  is  variable,  but  exhibits  generally  higher 
values  than  the  Skagit  River  waters.  Color  values 
range  from  0 to  25  units. 

The  turbidity  of  the  Nooksack  River  is  high 
when  compared  to  most  streams  in  the  Puget  Sound 
Area,  primarily  because  of  the  substantial  quantities 
of  glacial  melt  water  in  the  river.  Turbidity  of  the 
Nooksack  River  at  Ferndale  ranges  from  5 JTU 
(Jackson  Turbidity  Units)  to  a maximum  of  700  JTU. 

Temperatures  of  the  river  at  Ferndale  ranged 
from  2.0°C  (3.6°F)  to  17.5°C  (63°F).  The  mean 
temperature  is  9.1°C  (48° F).  Temperatures  at  the 
Deming  Station  are  in  the  same  approximate  range, 
but  average  16.5°C  (61°F)  in  the  summer  and  2.5°C 
(45°F)  in  the  winter.  Water  temperature  of  Lake 
Whatcom  is  considerably  warmer  at  the  surface  than 
the  water  temperatures  at  the  Nooksack  stations.  A 
low  of  3.5°C  (38°F)  and  a high  of  21.4°C  (70°F) 
were  recorded.  The  warmer  lake  temperatures 
account  for  the  turbid  Middle  Fork  waters  going  to 
the  bottom  of  the  lake  where  the  sediment  precipi- 
tates without  increasing  the  turbidity  of  Lake 
Whatcom 

Chemical-The  chemical  quality  of  surface 
waters  in  the  Nooksack-Sumas  Basins  is  generally 
excellent.  The  water  in  all  basin  streams  is  generally 
soft,  with  normal  hardness  values  of  60  mg/I  or  less. 
Hardness  values  of  more  than  100  mg/I  are  unusual. 
The  total  concentration  of  dissolved  solids  in  the 
surface  waters  in  the  area  rarely  exceeds  100  mg/I.  A 
maximum  dissolved  solids  content  of  77  mg/I  was 


revealed  in  samples  collected  monthly  over  a 5-year 
period  from  the  Nooksack  River  at  Ferndale.  Analysis 
of  samples  taken  from  small  tributary  streams  around 
Lynden  and  Ferndale  revealed  about  twice  the 
concentration  of  dissolved  solids  recorded  in  the 
Nooksack  River  and  nitrate  levels  ranged  from  0.8  to 
3.8  mg/1,  as  compared  to  a mean  of  0.8  mg/1  recorded 
for  the  Nooksack  at  Ferndale. 

The  Nooksack  River  and  its  major  tributaries 
are  fast-running  streams,  and  dissolved  oxygen  (DO) 
concentrations  are  usually  near  saturation  throughout 
their  length.  DO  concentrations  on  the  lower  Nook- 
sack River  at  Ferndale  range  from  a minimum  of  5.1 
mg/I  to  a maximum  of  13.6  mg/1,  based  on  records 
collected  from  October  1961  through  May  1966. 
Further  upstream,  at  Lawrence,  DO  concentrations 
range  from  a minimum  of  9.8  mg/1  to  12.9  mg/1. 
Minimum  oxygen  saturation  values  of  88  percent  and 
89  percent  were  recorded  at  the  Lawrence  and 
Ferndale  stations,  respectively.  Most  samples  were 
nearly  100  percent  saturated.  Table  3-6  lists  chemical 
quality  data  gathered  from  several  area  streams. 

From  1963  through  1966,  samples  were 
collected  weekly  by  the  Institute  for  Freshwater 
Studies  at  Western  Washington  State  College  at  four 
stations  on  Lake  Whatcom  and  were  analyzed  for 
dissolved  oxygen  (DO),  pH,  and  coliform  bacteria. 
Water  temperatures  were  recorded  at  the  time 
samples  were  taken.  A maximum  mean  monthly 
surface  water  temperature  of  20.2°C  (68°F)  was 
recorded  during  August  1963.  Maximum  and  mini- 
mum mean  monthly  surface  DO  concentrations  of 


TABLE  3-6.  Surface  water  quality 


ft  ft  » it  T 

Blf!  I 1 i 


WHATCOM  LAKE  NEAR  BELLINGHAM 


!,!l 


OCTOBER  1961  THROUGH  PRESENT 


NOOKSACK  RIVER  AT  OEMING 


DECEMBER  1965  TO  SEPTEMBER  1966 


49  8 9 7 3 1 6 0 5 3?  0 8 0 0 7 0 1 0.4  73  0.02  - 7.4  1 00  0.01  - - - 9.3  11.2  100  32  5 

3800  36  6.0  1 2 0.9  0 1 27  0 4.2  0.0  0.0  0 0 49  0.00  4.7  0.01  0.00  6.9  0 6 2 4 9.8  88  22  2 


NOOKSACK  RIVER  AT  FERNDALE 


JULY  1959  THROUGH  PRESENT 


1 1 .8  ppm  and  8.1  ppm  were  recorded,  respectively,  in 
April  196S  and  August  1965.  Bottom  DO  concentra- 
tions were  considerably  lower,  particularly  in  the 
extreme  western  sector  of  the  lake.  Mean  monthly 
bottom  DO  concentrations  from  this  sector  of  the 
lake  of  0.0  ppm  were  recorded  during  August, 
September,  and  October  of  1966. 

Bacteriological -Bacteriological  quality  data 
gathered  from  the  Nooksack  River  indicate  a general 
trend  of  increase  in  coliform  concentration  from  the 
headwaters  to  the  mouth.  The  higher  concentrations 
of  coliform  bacteria  usually  occur  during  the  summer 
months  in  stream  reaches  below  the  more  populated 
areas. 

Data  obtained  at  Lawrence  showed  that  in  the 
upper  reaches  of  the  Nooksack  River,  bacterial  levels 
normally  ranged  from  36  to  91  MPN,  though  occa- 
sional higher  values  were  recorded.  In  the  Middle 
Fork  of  the  Nooksack  River,  bacterial  levels  normally 
ranged  from  0 to  105  MPN.  Bacterial  concentrations 
in  samples  taken  at  Ferndale  ranged  from  36  to  4,600 
MPN  with  a recorded  maximum  MPN  of  24,000. 

During  1966,  mean  surface  concentrations  of 
coliform  bacteria  in  samples  taken  by  the  Institute 
for  Freshwater  Studies  at  Western  Washington  State 
College  from  the  western  part  of  Lake  Whatcom 
ranged  from  1 to  49  MPN,  and  bottom  concentra- 
tions ranged  from  0 to  61  MPN.  Both  surface  and 
bottom  concentrations  of  coliform  bacteria  were 
found  to  be  highest  in  the  western  part  of  the  lake. 

Lake  Whatcom  bacteriological  water  quality 
data  have  also  been  obtained  by  the  city  of  Belling- 
ham and  the  Washington  Water  Pollution  Control 
Commission.  High  coliform  concentrations  during  the 
winter  months  were  found  by  both  agencies.  City 
data  for  the  period  1961  through  1963  revealed 
maximum  concentrations  of  up  to  700  MPN  for  all 
three  winters.  Washington  Water  Pollution  Control 
Commission  data  for  1964  through  1966  showed 
maxim ums  of  930  MPN  for  February  and  October 
1965. 


GROUND  WATER 
Quantity  Available 

Ground  water  supplies  are  plentiful  in  much  of 
the  Nooksack -Sumas  Basins.  The  major  water-bearing 
materials  in  the  Basins  are  the  river  and  glacier- 
deposited  silts,  sands  and  gravels  which  extend 
throughout  most  of  the  western  lowlands.  Natural 
recharge  to  these  ground  water  reservoirs  is  by  direct 
precipitation. 

High  ground-water  yields  are  found  primarily  in 
the  western  lowland  section  in  the  vicinity  of 
Ferndale,  Custer,  Lynden,  Everson,  and  Sumas. 
Shallow  wells  in  these  areas  readily  produce  100  to 
200  gpm,  with  only  two  to  three  feet  of  drawdown. 
Yields  of  500  gpm  or  more  could  be  obtained  with 
five  to  ten  feet  of  drawdown. 

Areas  of  moderate  yield  include  the  delta 
lowland  of  the  Nooksack  and  Lummi  Rivers  south  of 
Ferndale,  the  area  west  of  Custer  to  Blaine,  the  lower 
Custer  trough,  the  lower  fringes  of  the  upland  areas 
east  of  Ferndale,  and  the  lower  portions  of  the  North, 
Middle,  and  South  Fork  valleys  of  the  Nooksack 
River. 

Quality 

The  ground  waters  are  relatively  low  in  dis- 
solved solids,  although  they  have  a somewhat  higher 
mineral  content  than  the  surface  waters.  They  are 
generally  of  good  chemical  quality. 

Ground  waters  may  be  classed  as  soft  to  slightly 
hard.  In  many  ground  waters,  hardness  is  only  60-80 
mg/1,  while  others  are  as  high  as  175  mg/1,  with  the 
average  hardness  being  about  150  mg/1. 

Iron  frequently  exceeds  the  U.S.  Public  Health 
Service  standard  for  iron  and  manganese  combined. 
Taste  and  odor  problems  caused  by  these  impurities 
are  frequent  in  the  Nooksack  and  Sumas  River 
lowlands.  The  dty  of  Lynden  treats  water  from  the 
sediment-laden  Nooksack  River  rather  than  use  the 
abundant  supplies  of  ground  water.  Table  3-7  lists  the 
results  of  analysis  of  temples  taken  from  numerous 
ground  water  sources. 
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PRESENT  AND  FUTURE  NEEDS 


>1 


The  principal  factors  that  will  determine  future 
water  demand  in  the  Nooksack-Sumas  Basins  are 
population  growth  and  industrial  expansion,  includ- 
ing agricultural  production.  As  these  increase,  the 
demand  for  water  will  likewise  increase. 

PROJECTED  POPULATION 
GROWTH 

The  estimated  1967  population  of  77,300  in 
the  Nooksack-Sumas  Basins  is  projected  to  increase 
19  percent  to  91 ,600  by  1980, 59  percent  to  123,500 
by  2000,  and  117  percent  to  168,700  by  2020. 
Figure  34  shows  the  present  and  projected  popula- 
tion in  the  Basins.  The  industrial  park  development 
expected  for  the  Bellingham-Ferndale  area  will  cause 
the  majority  of  the  population  to  center  in  this 
immediate  urban  area,  with  more  than  60  percent  of 
the  total  Basin  population  located  in  the  Bellingham 
area. 


FIGURE  34.  Projected  population  growth. 


PROJECTED  INDUSTRIAL 
GROWTH 


YEAR 


FIGURE  3-5.  Relative  production  growth  for  major 
water-using  industries. 

two-thirds  of  the  total  value  added  by  the  major 
water-using  industries.  This  prediction  is  supported 
by  the  recent  upsurge  in  primary  metals  in  the  Basins, 
due  notably  to  the  new  Intalco  aluminum  plant  at 
Ferndale,  which  began  operations  in  1966. 

The  Industrial  Park  west  of  Ferndale  is 
expected  to  become  the  location  of  an  increasing 
number  of  industries  in  the  future,  including  some 
heavy  water  users.  This  growth  should  generate  an 
urban  concentration  around  the  park,  extending 
eastward  to  Ferndale. 

The  paper  and  forest  products  and  agricultural 
industries  are  also  projected  to  increase,  but  at  a 
lower  rate.  These  industries  will  account  for  about  22 
percent  of  the  total  value  added  by  major  water-using 
industries  in  the  Batins  by  2020. 

PROJECTED  WATER 
REQUIREMENTS 


Production  growth  of  the  major  water-using 
industries  in  the  Nooksack-Sumas  Basins  ss  measured 
by  increased  value  added  is  projected  to  increase  by 
more  than  three-fold  between  now  and  2020. 

It  is  anticipated  that  the  primary  metal, 
chemical,  and  petroleum  industries  will  be  the  major 
industries  in  the  Basins  by  2020.  As  shown  on  F*- — 
3-5, 


Total  water  requirements  in  the  Basins  by  the 
year  2020  are  expected  to  reach  293  million  gallons 
per  day  (Table  3-1 1),  more  than  a three-fold  increase 
over  present  requirements.  Figure  3-6  shows  the 
location  of  primary  municipal  and  industrial  water 
demand.  Surface  water  sources  will  supply  97  percent 
of  the  projected  water  needs.  Tables  3-8,  3-9,  and 


3-10  itemize  projected  water  uses  in  1980, 2000,  and 
2020,  respectively.  Table  3-1 1 summarizes  water  use 
from  the  present  through  2020. 


industries  are  expected  to  be  the  major  water  users  in 
the  Basins. 


RuraMndividuat 

By  2020,  rural-individual  needs  are  expected  to 
be  2.8  mgd,  or  less  than  2 percent  of  total  projected 
basin  water  needs. 


Municipal 

Municipal  water  requirements  are  projected  to 
reach  14  mgd  in  1980,  22  mgd  in  2000,  and  31  mgd 
in  the  year  2020.  By  the  year  2020,  municipal  water 
requirements  will  account  for  14  percent  of  the  total 
water  needs  in  the  Basins.  Per  capita  municipal  water 
use  is  expected  to  decrease  from  about  230  gallons 
per  day  in  196S  to  191  gallons  per  day  in  1980,  then 
increase  again  to  231  gpd  by  2020.  It  is  assumed  that 
the  installation  of  meters,  in  addition  to  new  water 
saving  devices  and  practices,  will  account  for  the 
decline  in  per  capita  water  use  between  196S  and 
1980.  Approximately  95  percent  of  the  Basins’  total 
future  needs  are  expected  to  concentrate  in  two  areas 
by  2020:  Bellingham  and  the  Ferndale  Industrial  Park 
(see  Figure  3-6). 


Industrial 

Industrial  water  needs,  presently  60  mgd  in  the 
Basins,  are  expected  to  increase  by  235  percent  by 
1980,  and  more  than  double  this  increase  by  2020. 
Projections  of  industrial  water  requirements  to  2020 
indicate  that  industries  will  continue  to  require  the 
greatest  amount  of  water-about  257  million  gallons 
daily,  or  86  percent  of  the  total  water  needs  in  the 
Basins.  By  2020,  the  pulp  and  paper  and  aluminum 


YEAR 


FIGURE  3-6.  Location  of  projected  water  supply 
needs. 


TABLE  3*.  Projected  water  um  (1980) 


Syitom 

Eatimatad 

population 

aanad 

Surface  water  usage  (mod) 

Average  Maximum 

daily  monthly 

Ground  water  usage  (mad) 
Average  Maximum 

daily  monthly 

MUNICIPAL  USE 
Ballinoham 

56.000 

10.60 

14.60 

Lyndon 

4000 

0.80 

1.10 

— 

— 

Fomdala 

3000 

0.60 

ooo 

— 

— 

Blaino.  Sumae,  Evomn  and 
rural  community  systems 

11.300 

2.10 

3.00 

— MM 

MM 

— — 

— — 

i 

Subtotal 

73,300* 

11.90 

16.60 

2.10 

3.00 

RURAL-INDIVIDUAL  USE 

18,300 

- 

- 

1.30* 

100 

INDUSTRIAL  USE 
Municipally  ojppliad: 
Bailingham 
Food  and  kindrad 

1.46 

2.20b 

Papar  and  aHiad 

— 

106.60 

116.00c 

— 

— 

Famdala 

Food  and  kindrad 

0.60 

0.70 b 

Lyndan 

Food  and  klndrad 

0.30 

0.46b 

Satf-nppiiad: 

Food  and  kindrad 

1.16 

1.70b 

0.36 

0.60b 

Primary  matai* 

— 

2800 

28.00 

— 

— 

Patrolaum 

- 

200 

200 

- 

- 

Subtotal 

- 

140.70 

160.90 

0.40 

0.60 

Total*1 

91,000 

162.00 

167.40 

300 

6.30 

* lari  on  aawmad  70  gpedand  100  parcant  of  rurO-indfcridual  population  to  baaarvad  by  ground  watar. 


b 160  paieant  a>  awa- 
c IIOpmMofwtngi. 
d Figures  am  rounded. 

• Not  the  incorporated  areas  official  municipal  population  flaurt.  Sot  Table  2-7. 


•t' 


TABLE  3-9.  Projactad  watar  u«a  (2000) 


System 

Estimated 

population 

served 

Surface  water  usaaa  (mod) 

Average  Maximum 

daily  monthly 

Ground  watar  usage  (mgd) 

Average  Maximum 

daily  monthly 

MUNICIPAL  USE 
BeMn^iam 

76,000 

15.8 

22.0 

Lynden 

6,000 

1.3 

13 

— 

- 

Farndale 

8,000 

1.7 

2.4 

— 

- 

Blaine,  Surras,  Everson  and  rural 
community  systems 

13,500 

23 

4.0 

■ 

Subtotal 

102,500 

183 

26.2 

2.8 

4.0 

RURAL-INDIVIDUAL  USE 

21,000 

- 

- 

1.9* 

2.7 

INDUSTRIAL  USE 
MunidpaNy  supplied: 

■ a 

Dfiiin^nom 

Food  and  kindred 

23 

4.3b 

Paper  and  aNiad 

— 

130.5 

143.6C 

- 

- 

Femdale 

Food  and  kindred 

03 

1.4b 



_ . 

Lynden 

Food  and  kindred 

— 

0.6 

0.9b 

— 

— 

Selt-tupplied 
Food  and  kindred 

2.3 

3.* 

0.7 

1.0b 

Primary  metals 

- 

460 

46.0 

- 

— 

Petroleum 

— 

4.2 

4.2 

— 

— 

Subtotal 

- 

187.4 

203.7 

0.7 

TT 

Total 

1 23,500 

206.2 

229.7 

5.4 

7.7 

TABLE  3-10.  Projected 


(2020) 


Syatam 

Eatlmatad 

population 

aarved 

Surface  watar 
Avarapa 

daily 

monthly 

Ground  wratar 
Avaraga 
daily 

uaaoa  (mpd) 

Maximum 

monthly 

MUNICIPAL  USE 
Bellingham  aarvioa  area 

100,400 

23.1 

32.2 

Lyndan  atrvioa  area 

12,000 

2.8 

34 

— 

- 

Farndale  aervice  area 

16,000 

3.7 

6.2 

— 

— 

Blaine,  Sumat.  Evaraon  and  rural 
community  ayateme 

16,000 

34 

44 

' ■" 

»■'  ■ 

Subtotal 

143,  <00 

29.6 

41.3 

34 

44 

RURAL-INDIVIDUAL  USE 

26,300 

- 

- 

24* 

34 

INDUSTRIAL  USE 

Municipally  aupplied: 
Bellingham 
Food  and  kindred 

6.3 

7Ab 

Paper  and  allied 

— 

1264 

138.0° 

— 

— 

Farndala 

Food  and  kindred 

14 

2.7  b 

Lyndan 

Food  and  kindred 

__ 

1.2 

14b 

Sad -aupplied: 

Food  and  kindred 

4 2 

6.3b 

1.3 

14b 

Primary  metala 

— 

1104 

1104 

— 

— 

Petroleum 

— 

6.7 

6.7 

— 

— 

' aa 

i ■ 

— 

— — 

Subtotal 

- 

286.7 

274.4 

14 

14 

Total*1 

168,700 

286.3 

316.7 

74 

10.7 

I on  1 10  gpcd  and  100  porcom  of  ruraMndMdual  population  aatlmotad  to  ba  axvad  by  ground  water. 
b150  pareant  of  i 
e110paraantof  i 
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Estimated  Surface  water  mage  (mgd)Gtound  water  u«ap»  Impel)  Total  mage  (mgd) 
papulation  Average  Maximum  Average  Maximum  Average  Maximum 
System  served  dally  monthly  dally  monthly  daily  monthly 


Municipal 

1965 

59,400 

9.3 

13.3 

1.9 

2.6 

11.2 

15.9 

I960 

73,300 

11.9 

16.6 

2.1 

3.0 

14.0 

19.6 

2000 

102.600 

18.8 

26.2 

28 

4.0 

21.6 

30.2 

2020 

143,400 

29.6 

41.3 

3.6 

49 

33.1 

46.2 

Industrial 

1966 

_ 

59.9 

64.8 

0.6 

1.2 

60.5 

66.0 

1980 

— 

140.7 

160.9 

0.4 

0.5 

141.1 

161.4 

2000 

— 

187.4 

203.7 

0.7 

1.0 

188.1 

204.7 

2020 

- 

266.7 

274.4 

1.3 

1.9 

266.0 

276.3 

Rural- 

Individual 

1966 

18,300 

0.1 

0.2 

09 

1.3 

1.0 

1.5 

I960 

18,300 

— 

— 

1.3 

18 

1.3 

1.8 

2000 

21,000 

— 

— 

1.9 

2.7 

19 

2.7 

2020 

26,300 

- 

- 

29 

39 

2.8 

3.9 

Totals 

1966 

77,700 

69.3 

78.3 

3.4 

6.1 

72.7 

83.4 

I960 

91,600 

152.6 

167.4 

3.8 

5.3 

166.4 

172.7 

2000 

123,600 

206.2 

229.9 

6.4 

7.7 

211.6 

237.6 

2020 

168.700 

286.3 

316.7 

7.6 

10.7 

292.9 

326.4 

TABLE  3-11.  Summary  of  proieetad  water  needs 


Now:  All  usage  figures  are  rounded  to  one  decimal  piooe.  All  basins  are  summarized  in  Table  2-9. 


MEANS  TO  SATISFY  NEEDS 


GENERAL 


The  projected  annual  water  use  is  expected  to 
reach  293  mgd  by  the  year  2020.  This  is  an  increase 
of  approximately  220  mgd  over  the  196S  average  use. 
Optimum  or  peak  water  requirements  will  be  nearly 
370  mgd.  Tables  2-12  and  2-13,  the  Area  Plans, 
summarize  the  Basins’  annual  average  and  optimum 
requirement  in  relation  to  the  remainder  of  the  Area. 
Table  3-12,  Municipal  and  Industrial  Water  Supply 
Needs,  reviews  the  needs  of  the  major  systems  and/or 
users  in  the  Basins. 

The  Bellingham  Municipal  Water  System,  draw- 
ing from  surface  sources,  is  expected  to  supply  more 
than  70  percent  of  the  total  municipal  water  require- 
ments (as  treated  water)  and,  in  addition,  to  supply 
more  than  SO  percent  of  the  total  industrial  water 
requirements  (as  diverted  from  Lake  Whatcom  with 
chlorination)  in  the  entire  Nooksack-Sumas  Basins. 
Bellingham  must,  therefore,  be  able  to  supply  more 
than  210  mgd,  approximately  60  percent  of  the  total 


basin  water  requirement,  to  municipal  and  industrial 
users. 

The  water  systems  of  Lynden  and  Ferndale  are 
expected  to  supply  9.7  mgd,  3 percent,  and  13.5 
mgd,  4 percent,  of  the  total  basin  requirement, 
respectively.  The  remaining  water  will  be  supplied  by 
the  Whatcom  County  PUD,  Industrial  Water  Develop- 
ment, and  small  community  systems.  This  will 
amount  to  128.4  mgd  or  34%  of  the  Basin  total.  The 
municipal  and  industrial  water  needs  projected  for 
2020  can  be  met  by  water  available  in  the  Basins 
without  need  for  storage.  Although  a plentiful  source 
of  surface  water  is  available,  the  projected  population 
and  industrial  growth  will  require  larger  systems  to 
satisfy  requirements. 


BASIN  PLAN 


The  Selected  Plan  recommends  the  continuing 
use  of  existing  sources  until  such  time  as  the 


TABLE  3-12.  Municipal  and  industrial  watar  supply-capital  improvements,  Nooksack-Sumas  Batins 


Present 

M.G.P. 

Future 

1966 

1966-1960 

1980-2000 

2000-2020 

Population  Served 

36,600 

56,000 

76,000 

100,400 

BELLINGHAM 

Optimum 

79.1 

163.4 

197.1 

212.9 

Capital  Improvements 

18.1 

74.3 

43.7 

16.8 

Population  Served 

1,860 

3,000 

8,000 

16,000 

FERNDALE 

Optimum 

2.0 

2.7 

6.7 

1&3 

Capital  improvement* 

0.8 

0.7 

4.0 

6.6 

Population  Served 

2,850 

4,000 

6.000 

12,000 

LYNDEN 

Optimum 

2.0 

2.9 

4.9 

9.7 

1.3 

0.9 

2.0 

4.8 

Population  Served 

9,200 

11,300 

13,600 

15,600 

SMALL  AND  RURAL 

COMMUNITY  SYSTEMS 

Optimum 

6.0 

7.6 

8.9 

9.9 

Capital  Improvement* 

3.6 

1.6 

1.4 

1.0 

Population  Served 

- 

- 

- 

- 

SELF-SUPPLIED  INDUSTRY 

Optimum 

12.2 

33.0 

53.6 

124.9 

Capital  improvement* 

014 

20.8 

20.6 

71J 

Population  Served 

63,400 

73,300 

102.600 

144,000 

TOTAL  CAPITAL  IMPROVEMENTS 

24 

96 

72 

100 

Not*:  Fipures  are  rounded. 


population  density  can  provide  adequate  revenue  to 
finance  county  or  regional  water  systems. 

Table  3-13  defines  the  plan  and  includes  supply 
and  transmission,  treatment,  pumping,  chemical,  and 
annual  income  as  projected  by  the  Municipal  and 
Industrial  Water  Supply  and  Water  Quality  Control 
Technical  Committee.  Table  2-12  includes  the  storage 
and  distribution  costs  for  the  Basins.  Table  2-10 
depicts  supply  and  transmission  costs  on  a population 
density  basis. 

The  Alternative  Basin  Plan,  Table  3-14,  was 
based  upon  the  use  of  both  surface  and  ground  water 
sources,  depending  upon  which  source  would  be  more 
capable  of  meeting  the  future  needs  adequately  by  a 
second  surface  source  for  replacing  the  existing 
Middle  Fork  division. 

Costs  for  the  Alternative  Plan  are  only  $1.5 
million  greater  than  the  Selected  Basin  Plan.  This  is 
evidenced  by  the  fact  that  the  two  basin  plans  are  not 
greatly  different  for  the  city  of  Bellingham. 


Bellingham  presently  supplies  57  mgd  to  its 
municipal  and  industrial  consumers.  This  need  is 
expected  to  reach  155  mgd  by  2020.  The  present 
Bellingham  system,  from  the  Middle  Fork  of  the 
Nooksack  River,  is  diverted  to  Lake  Whatcom,  which 
is  used  as  a settling  basin,  then  delivered  to  the 
customers.  Treatment  is  supplied  for  municipal  use 
only. 

The  Selected  Plan  calls  for  the  city  to  develop  a 
second  municipal  source  on  the  Main  Fork  of  the 
Nooksack  River  and  provide  additional  treatment. 
The  industrial  demand  would  be  met  by  a river  intake 
on  the  main  stem  of  the  Nooksack  River  above  tidal 
intrusion. 

The  remainder  of  the  Basins  is  expected  to 
develop  by  2020  approximately  160  mgd  from 
expansion  of  existing  systems.  Most  of  the  water,  125 
mgd,  will  be  used  by  the  self -supplied  industries  in 
the  Basins.  Table  3-12,  Present  and  Future  Needs, 
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TABLE  3-13.  M ft  I Water  Supply  Ute  Ptanning-Praant  to  year  2020  Salacted  Ba*in  Plan  Nooktack-Sumat  Batin* 


Han 
L— 1 

Source 

Development 

Year 

of 

Devel 

Annual 
Wtr.  Uaa 
MGO 

OPTIMUM 
^ CAPACITY 

MGDd 

Supply  Tranon. 

AMORTIZED 
CAPITAL  COST** 
Supply  S Treat 
Treoam.  ment 

1967 

THOUSAND  DOLLARS 

MAINTENANCE 
AND  OPEA. 

Iron  Pumping 

Removal  Power  Cham. 

Total 

Annual 

Income 

ME  LL  INGHAM 

PfiMlW 

M 

DWenton  to  Lake  Whatcom  from  Middle  Fork  Exiat 

67 

11 

Of 

640 

7.0M 

Nookaack  AWar  and  Treatment  (Municipal 

SIN 

ADO:  ISntgd  la  Existing 

1SSB 

11 

18 

1,940 

1.380 

24 

I960 

SW 

MWE  fort  NooMErt  KM  DNpMon  and 

1170 

119 

10 

10 

3.M0 

1.380 

1,246 

46 

9.773 

Settling  Fond  before  L.  Whatcom 

*DWenion  and  Treatment  Main  Nookaack  AWen 

OS 

IS 

»,3t0 

near  Bettintftam 

2000 

SW 

MUN  Forte  NooEemE  RErtf  Devon  too 

1100 

141 

IS 

IS 

1A80 

983 

1,666 

60 

12.237 

trim— d 

In—  Main  ANer  O Wanton 

20 

20 

3,870 

2020 

sw 

In—  Middle  Fork  Nook— k A War 

2010 

111 

IS 

IS 

T.tm 

1.478 

1,628 

62 

11,316 

D Wanton  Capacity 

214 

214 

•6,360 

16.221 

tiLLIMOHAM  SELECTED  ELAN  TOTAL 

•21,661 

Ff ANOALE 

Nui 

GW 

Loot  Q found  WcEEr  OMuranl 

Exist 

1 

1.2 

1.2 

6 

117 

1100 

GW 

ADO:  0 analog  want  far  OJnfl 

1970 

0J 

0J 

48 

tioo 

GW 

LPert  Oround  WEE rt  DovoloonrEnr 

1 

Oerstapment  for  0.7  mgd 

1S71 

0.7 

0.7 

42 

11 

117 

2000 

QW 

Local  Ground  Waiar  Oat  eminent 

2 

DMtopment  tor  4 0m*d 

1900 

4.0 

4.0 

240 

27 

117 

2000 

GW 

Local  Ground  Wakar  Oenatopmant 

• 

Oeeetepment  far  6.1mgd 

2006 

0.S 

6.6 

3M 

68 

234 

FE  ANOALE  SELECTED  FLAN  TOTAL 

13.3 

13.3 

•726 

LYNOCN 
ftetent  SW 

WEEET  TiErtnunt  PMW.  NjbEewE  REm 

Exist 

as 

0.7 

0.7 

6 

0.7 

117 

ADO:  tw  Term  Capacity  I .Smpd 

1.S 

1.6 

196 

112 

2.2 

2.2 

mo 

SW 

SW  Traoamant  Capartty  Q.fnM 

1171 

i.i 

OS 

0.9 

117 

60 

10 

0.4 

117 

2000 

SW 

an  Timm  Cwrtcrty  T .CEtMl 

IMS 

22 

2.0 

2.0 

210 

160 

19 

0.7 

117 

2000 

SW 

SW  Tfoacnant  Capaafcy  4.6mgd 

2011 

4.9 

4J 

4J 

624 

300 

42 

1.6 

234 

10 

10 

SUM 

SM0 

LVNOCN  SELECTED  PLAN  TOTAL 

$ijm 

MLF  SUPPLIED  INOUSTAY 

tw 

*n-on  lm  oiiihewmc  umn  <wm 

IxM 

12 

12 

12 

128 

1,402 

1M0 

(n-OW  LM  DMHpMM:  NM  21(n*> 

1970 

32 

22 

22 

2.720 

338 

3*737 

2000 

(W-On  LPcrt  DmWmm  Nm  IMnwd 

1190 

S3 

114 

114 

IjSM 

067 

16.834 

SOM 

NsFiAmNwI 

122 

1,331 

n.3te 

SCLF-auPPLIEO  INOUtTRV  SELECTED  PLAN  TOTAL 

14S 

14S 

S4JT0 

(UMAt-(LAINC  a OTHER  RURAL  COMMUNITIH 

Rma  ON  LaUWOMlRmM  iaM  * 


Nat  on  taw a*  uaawRWii  oemewmi  ttao  z 

moo  on  Linn*  l—<  OmiinniR  oihupiirhi  taat  * 

ana  on  i jwk  urn  nwann  Omiawn  tow  * 

mwa  auMWi  aorwtR  rural  cotasu*(TnmLtcTtp  plan  total 
MLtCTtO  RAtM  KAN  TOTAL 


2.4 

14 

16 

3.6 

3.6 

216 

117 

6.0 

ao 

1.S 

1.6 

10 

22 

117 

1.4 

1.4 

04 

29 

117 

1.0 

1.0 

00 

37 

117 

10 

10 

84M 

tanau* 


I 


TABLE  3-14.  M ft  I Water  Supply  Uaa  Planning— Prawnt  to  yaar  2020  Attamata  Batin  Plan  Nooktack-Sumat  Batins 


OPTIMUM 

1967 

CAPACITY 

THOUSAND  DOLLARS 

AMORTIZED 

MAINTENANCE 

Protected 

M G Od 

CAPITAL  COST” 

ANO  OPER 

Year 

Annual 

Total 

Plen 

of 

Wtr.  Um 

Supply  a 

Treat  Iron 

Pumping 

Annual 

Lev*! 

Source 

Development 

Oevel 

MGD 

Supply 

Trantm. 

Tramm. 

ment  Removal 

Power 

Chem. 

Income 

BELLINGHAM 

Pcneni 

sw 

Diversion  to  Lake  Whatcom  from  Middle  Fork 
Nookuck  River 
E anting  Water  T realment  Plant 

Eerst. 

GO 

61 

61 

640 

7.008 

1980 

sw 

Supply  and  T itnurowon 

1976 

18 

18 

2,340 

1.960 

244 

IBmgd  and  Water  and  T reatmant  18mgd 

I960 

s w 

* StoragL  Oam.  Retarvoir  North  Fork 

1980 

74 

74 

9.620 

1,248 

47.5 

9,773 

Nookuck  River 

2000 

sw 

Storage  Oam.  Retervoir  North  Fork 
Nookuck  River 
ADO  To  Treatment  30mgd 

1906 

140 

44 

44 

5.720 

983 

1.565 

595 

12.237 

2020 

sw 

Storage  Oam.  Retarvoir  North  Fork 

2010 

156 

16 

16 

2.080 

1.478 

1.628 

670 

11,315 

Nookuck  River 

213 

213 

S 19.760 

$4,441 

BELLINGHAM  ALTERNATIVE  PLAN  TOTAL 

$74,201 

FERNDALL 

P reient 

GW 

Local  Ground  Water  Development 

Emt 

1 

1.2 

1.7 

6 

117 

ADO  O.Bmgd 

08 

08 

48 

2.0 

20 

1900 

SW 

* Intake  and  Treatment  Plant 

1970 

1 

3.0 

3.0 

390 

200 

11 

04 

117 

2 7mgd.  Nookuck  River 

2000 

sw 

Treatment  and  Capacity  4 0mgd 

1990 

3 

4.0 

4.0 

520 

300 

27 

1.1 

117 

2020 

sw 

Treatment  and  Capacity  7 0mgd 

2010 

6 

7.0 

7.0 

520 

300 

38 

7.7 

234 

16  0 

16.0 

$1,478 

$800 

FERNOALE  ALTERNATIVE  PLAN  TOTAL 

$2,278 

LVNOCN 

Premnt 

sw 

Water  Treatment  Plant  and  Intake  (Nookuck  Rl  E>it 

1 

0 7 

07 

6 

02 

117 

1900 

GW 

* Local  Ground  Water  Development  and  3.0mgd 

1970 

1 

3 

3 

180 

11 

117 

2000 

GW 

Local  Ground  Water  Development  and  S O mgd 

2000 

2 

6 

6 

300 

19 

117 

2020 

GW 

Local  Ground  Water  Development  and  2 0mgd 

2020 

4 

2 

2 

120 

42 

234 

LVNOCN  ALTERNATIVE  PLAN  TOTAL 

11 

11 

$600 

RURAL  COMMUNITIES 

(No  Fooubto  Alternate** 

$450 

SELF  SUPPLIES  INOUSTRY 

(No  Fai 

$4,370 

ALTERNATIVE  BASIN  PLAN  TOTAL 

S 31.899 

* AW  flpitoeamreended. 

4 Nat  B tedgn  mgd  optimum  tepmity  * 


1 ee  Aw  Meant  lo  Satiety  Naadi  mtW" 


i total  ayttam  abrlity  to  deliver  1.8  fpm  per  a 


fpK«rt»rt»a 


shows  the  water  required  by  the  major  consumers  in 
the  Basins  to  2020. 

FINANCE 

Annual  income,  as  taken  from  Table  2-12  (the 
income  remains  the  same  for  the  Selected  and 
Alternative  Plans),  indicates  the  monies  available  to 
apply  for  bond  service  (approximately  20  percent  of 
the  total  annual  income).  The  following  figures  show 
the  amount  of  money  available  for  bond  service  and 
the  capital  expenditure  amortized  for  30  years  at  5% 
for  the  Selected  and  Alternative  Plans: 


Annual  Amortized 


Bond  Service 

Cost  (X  $1,000) 

Available 

Selected 

Alternative 

Year 

(X  $1,000) 

Plan 

Plan 

1965 

$1,850 

$365 

$272 

1980 

2,960 

591 

609 

2000 

6,030 

658 

674 

2020 

5,630 

665 

650 

Costs  as  indicated  by  the  Engineering  News 
Record  Index  are  presently  doubling  every  15  years. 
As  the  above  figures  depict,  the  Nooksack-Sumas 
Basins  will  have  adequate  money  to  construct  the 
water  facilities  needed  through  2020. 


NATIONAL  PARA  SERVICE 


Land  Ownership 


SKAGIT-SAMISH  BASINS 

INTRODUCTION 


The  Skagit-Samish  Basins  occupy  some  3,184 
square  miles  on  the  western  slope  of  the  Cascade 
Range  in  the  northern  part  of  the  Puget  Sound  Area. 
The  Basins  lie  between  the  Nooksack-Sumas  Basins 
and  British  Columbia  on  the  north  and  the  Stilla- 
guamish  and  Snohomish  Basins  on  the  south  and 
extends  easterly  from  Skagit  Bay,  Anacortes,  and 
Cypress  Island  to  the  summit  of  the  Cascade  Range 
(see  Figure  4-1). 

Because  of  the  abundance  of  natural  resources 
in  the  Skagit-Samish  Basins,  and  its  proximity  to  the 
densely  population  Seattle-Everett  area,  industrial 
and  population  growth  is  predicted  to  increase  the 
water  demands  for  the  year  2020  by  a factor  of  four 
over  present  requirements.  Although  this  demand  will 
not  tax  the  water  supply  available  from  the  Skagit 
River  alone,  it  will  require  rational  planning  for 
future  development  of  water  handling  and  treating 
facilities.  This  is  particularly  true  in  the  Anacortes 
vicinity.  The  major  portion  of  industrial  and  popula- 
tion growth  is  expected  to  occur  there. 

GEOGRAPHY 

The  Skagit-Samish  Basins  offer  extremes  in 
geography  and  topography.  The  eastern  portion  of 
the  Basins  above  Marblemount  is  rugged,  moun- 
tainous, nearly  wilderness  territory  that  includes 
Mount  Logan  and,  on  the  northern  perimeter.  Mount 
Baker  which,  with  an  elevation  of  10,000  feet,  is  one 
of  the  major  peaks  in  the  Puget  Sound  Area.  More 
than  270  glaciers  are  located  in  this  portion  of  the 
Basin.  Between  Marblemount  and  Sedro  Woolley,  the 
terrain  remains  somewhat  mountainous,  but  is  cut  by 
broad,  deep  valleys  through  which  the  major  rivers 
flow.  Below  Sedro  Woolley,  the  terrain  changes  to  a 
broad  lowland  flood  plain,  beyond  which  lies  the  vast 
Skagit  delta. 

The  Skagit  River  and  its  major  tributaries,  the 
Baker,  Cascade,  and  Sauk  Rivers,  head  in  glaciated 
peaks  on  the  northern  and  eastern  perimeters  of  the 
Basin.  The  Skagit  drains  the  northwestern,  central, 
and  western  portions  of  the  Basin;  the  Cascade  drains 
the  east-central  portion;  the  Sauk  and  its  tributary 
river,  the  Suiattle,  drain  the  southeastern  portion  of 


the  Basin;  and  the  Baker  River  drains  the  north- 
central  sector  before  joining  the  Skagit  below  Con- 
crete. This  river  system  drains  an  area  of  3,105  square 
miles,  about  400  square  miles  of  which  is  in  Canada 
(see  Figure  4-1).  (The  drainage  area  in  Canada  is  not 
included  in  this  study).  The  Skagit  (Photo  4-1)  flows 
from  its  headwaters  in  Canada,  then  divides  into  two 
branches  about  8 miles  before  it  empties  into  Puget 
Sound  at  Skagit  Bay. 

Located  in  the  rough  upland  terrain  south  of 
Bellingham,  the  Samish  River  drainage  area  comprises 
106  square  miles.  The  Samish  River  and  its  main 
tributary,  Samish  Creek,  outlet  of  Samish  Lake,  form 
the  most  important  drainage  system  in  this  area.  The 
Samish  River  flows  in  a southwesterly  direction  from 
its  junction  with  Samish  Creek  across  a broad  glacial 
plain  from  where  it  flows  northwest  to  its  outlet  at 
Samish  Bay  near  Edison. 


PHOTO  4-1.  The  Skagit  River,  largest  in  the  Puget 
Sound  Area,  provides  recreation,  power  generation, 
and  a vast  water  supply  potential. 


CLIMATE 

Maritime  air  masses  influence  both  precipita- 
tion and  temperature  in  the  Skagit-Samish  Basins  to 
produce  a mild,  wet  climate.  Recorded  mean  annual 
precipitation  varies  from  about  109  inches  at  Mount 
Baker  Lodge  to  27  inches  at  Anacortes.  Sedro 
Woolley,  nearly  20  miles  farther  inland  than  Ana- 
cortes, receives  46  inches;  and  Concrete,  in  the 
mountain  foothills,  receives  62  inches.  During  the 
winter,  heavy  snowfall  occurs  at  higher  elevations  and 
remains  until  late  spring  or  early  summer.  Average 
recorded  snowfall  ranges  from  530  inches  at  Mount 
Baker  Lodge  to  5.9  inches  at  Anacortes.  About  75 
percent  of  the  annual  precipitation  falls  during 
October  through  March. 

Mean  annual  temperatures  vary  from  4.4°C 
(40°F)  at  Mount  Baker  Lodge  to  11.1°C  (52°F)  at 
Concrete,  and  recorded  temperature  extremes  range 
from  -11.7°C  (U°F)  to  41.1°C  (106°F)  at  these 
stations,  respectively.  The  mean  annual  temperature 
for  the  Basin  is  10°C  (50°F). 

POPULATION 

A 1967  estimate  revealed  that  about  56,900 
persons  live  in  the  Skagit-Samish  Basins.  About  8,750 
live  in  Anacortes,  largest  city  in  the  Basins,  and  about 
17,108  live  in  smaller  towns  such  as  Mount  Vernon, 
Burlington,  and  Sedro  Woolley.  Most  of  the 
remainder  live  in  or  about  small  rural  communities 
scattered  throughout  the  central  and  western  portions 
of  the  Basins. 

ECONOMY 

The  economic  base  is  diversified,  made  up  of 
agriculture,  forest  products,  fisheries,  food  proces- 
sing, manufacturing,  and  oil  refining  industries.  The 
tideflats  and  bottom  lands  support  an  agricultural 
economy  largely  based  on  dairy  products,  vegetables, 
feed  crops,  and  berries.  Frozen  food  processing  is  big 
business.  Most  of  the  green  peas,  sweet  corn,  cauli- 
flower, broccoli,  and  carrots  are  shipped  to  local 
processors  in  Mount  Vernon,  Burlington,  and 
LaConner. 

LAND  USE 

The  Skagit-Samish  Basins  is  lightly  urbanized, 
with  urban  developments  accounting  for  less  than  1 


percent  of  the  total  land  area.  Forest  land  accounts 
for  nearly  70  percent  of  the  total  land  area,  and 
cropland  (Photos  4-2  and  4-3)  and  rangeland  com- 
bined account  for  about  6 percent  of  the  land  area. 
Table  4-1  lists  present  land  use  in  the  Basins. 


PHOTO  4-2.  Farmlands  near  Sedro  Woolley  present  a 
patchwork  pattern. 


PHOTO  4-3.  Cropland,  much  of  it  irrigated,  covers 
about  5 percent  of  the  land  in  the  Basin. 


TABLE  4-1.  General  land  use 


Use  Acres 

Forestland  1,754,000 

Cropland  100,000 

Rangeland  20,000 

Other  land  (high,  barren)  20,000 

Urban  buildup  19,000 

Inland  water  35,000 

Saltwater  101,395 

Total  land  and  inland  water*  1 ,948,000 


'Source:  Appendix  III,  Hydrology. 
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PRESENT  STATUS 


The  Skagit-Sami&h  basin  is  only  lightly  popu- 
lated and  the  population  is  well  distributed  about  the 
western  portion  of  the  basin.  Because  of  this,  and 
because  of  the  availability  of  plentiful  supplies  of 
water,  demands  for  water  in  the  basin  are  presently 
well  within  the  capabilities  of  sources  developed  to 
supply  them. 


TABLE  4-2.  Water  use  41965) 


WATER  USE 

Municipal,  industrial,  and  rural  water  use  in  the 
Skagit-Samish  basin  presently  averages  27.9  mgd 
(43.5  cfs).  Of  this  amount,  the  municipal  and  rural 
component  accounts  for  5.1  mgd,  or  18  percent  of 
the  total  water  use.  Industrial  water  requirements, 
which  make  up  the  remainder,  are  more  than  twice  as 
great  as  the  municipal  and  rural  use.  Table  4-2  shows 
a breakdown  of  basin  water  use  as  of  1965. 


System 

Estimated 

population 

served 

Surface  water  usage 
Average  Maximum 
daily  monthly 

(mgd) 

Maximum 

daily 

Ground  water  usage  (mgd) 
Average  Maximum  Maximum 
daily  monthly  daily 

MUNICIPAL  USE 

Anecortes 

8,750 

1.40 

1.80 

2.50 

— 

— 

— 

Skagit  County  PUD  No.  1 

23300 

2.00 

2.50 

3.00 

- 

- 

- 

Northern  State  Ho*>ital 

1,680 

- 

- 

- 

0.41 

0.43 

0.45 

Carrington 

1,400 

- 

- 

- 

0.16 

0.30 

0.45 

Concrete 

700 

— 

— 

- 

0.09 

0.16 

0.24 

Lyman 

430 

0.02 

0.03 

0.04 

- 

- 

— 

Hamilton 

209 

— 

- 

- 

0.04 

0.04 

0.05 

Other  rural  community  systems 

2,100 

0.05 

0.10 

0.14 

0.14 

6.21 

0.31 

— 

- 

■ ■ 

Subtotal 

40,230b 

3.47 

4.23 

5.68 

0.83 

1.14 

1.50 

RURAL-INDIVIDUAL  USE 

16,270 

0.09* 

0.18 

0.27 

0.75® 

1.56 

2.31 

INDUSTRIAL  USE 
Municipally  supplied: 
Anacortes: 

Pulp  and  paper 

6.50 

6.00 

6.10 

~ 

- 

- 

Petroleum  and  refining 

7.00 

7.20 

7.80 

- 

— 

— 

Chemicals 

0.13 

0.15 

0.16 

- 

— 

— 

Naval  Air  Best  (Whidbey  Island) 

130 

1.40 

1.80 

- 

- 

- 

Food  processing 

0.34 

0.3B 

0.46 

- 

- 

— 

Skagit  County  PUD  No.  1: 

Food  processing 

4.80 

6.00 

6.80 

- 

— 

Chemicals,  metals,  oils 

1.70 

2.50 

3.30 

- 

— 

— 

Other 

0.55 

0.74 

0.85 

— 

— 

Setf -supplied: 

Food  end  kindred 

1.68 

2.20 

230 

- 

— 

— 

Stone,  day,  glass 

0.27 

0.30 

0.40 

— 

— 

— 

Subtotal 

22.77 

2638 

30.46 

- 

- 

- 

Total 

66300 

26.33 

31.29 

36.41 

1.58 

2.70 

331 

*Based  on  — imart  66  gpcd. 

b Estimated  population  tMvsd  is  not  the  population  of  ths  incorporated  arcs  of  ths  city  but  is  that  population  (sum  of 
permanent  and  seasoned  from  Table  2-7  which  determines  the  "average  rating"  for  each  basin.  This  population  has  been 
included  in  the  neereet  municipal  system  since  the  municipality  it  often  the  water  arppller  for  the  smaller  adioining  water 
distribution  system. 


Municipal 

A total  of  40,230  municipal  consumers  in  the 
Basins  use  an  average  of  4.3  mgd,  15  percent  of  the 
total  basin  water  requirements,  for  a basin-wide  per 
capita  use  of  107  gpd.  About  10,000  municipal 
consumers  in  the  Anacortes  area  use  an  average  of  1 .4 
mgd  for  a daily  per  capita  use  of  140  gpd  and  about 
17,108  persons  in  the  numerous  small  communities  in 
the  central  portion  of  the  Basins  use  2.0  mgd  for  a 
daily  per  capita  use  of  89  gpd.  An  additional  6,730 
municipal  consumers,  comprising  those  in  Northern 
State  Hospital  and  numerous  small,  scattered  com- 
munities, use  about  0.9  mgd  for  a per  capita  use  of 
134  mgd. 

Industrial 

Industrial  firms  in  the  Basins  use  water  at  an 
average  rate  of  22.77  mgd.  The  chief  industrial  users 
are  Scott  Paper  Company  and  the  Shell  and  Texaco 
petroleum  refineries,  served  by  the  Anacortes  system, 
which  use  a total  of  14  mgd.  The  Scott  Paper 
Company  uses  5.5  mgd  in  processing  138  tons  of  pulp 
per  day  for  an  average  of  40,000  gallons  of  water  per 
ton  of  pulp.  The  Shell  and  Texaco  refineries,  with  a 
combined  production  of  118,000  barrels  of  gasoline 
and  fuel  oils  per  day,  use  a total  of  7.0  mgd,  a unit 
use  of  58  gallons  of  water  per  barrel  of  refined  fuel. 

The  remaining  industries  in  the  Basins,  includ- 
ing Whidbey  Island  Naval  Air  Station  and  chemical, 
metal,  and  food  processing  industries,  show  a com- 
bined usage  of  8.8  mgd. 

Rural-Individual 

About  15,270  rural-individual  consumers  use 
0.84  mgd,  based  on  an  estimated  average  per  capita 
consumption  of  55  gpd. 

WATER  SUPPLIES 

Surface  water  provides  94  percent  (263  mgd) 
of  the  average  daily  municipal,  industrial,  and  rural- 
individual  water  requirements  in  the  Basins.  Ground 
water  furnishes  the  remaining  6 percent  (1 .6  mgd). 

Municipal 

The  two  major  systems,  Anacortes  and  the 
Skagit  County  PUD  No.  1 , rely  primarily  on  surface 
water  for  their  source  of  supply.  Most  of  the 
remaining  systems,  which  are  small  public  or  rural- 
individual,  use  ground  water. 


Anacortes-The  Anacortes  municipal  system 
serves  an  estimated  10,000  municipal  consumers  and 
numerous  industries,  including  chemical,  metal,  oil, 
and  pulp  and  paper  industries,  with  an  average  of 
13.0  mgd.  In  addition,  the  Anacortes  system  provides 
an  average  of  1 .0  mgd  to  the  Whidbey  Island  Naval 
Air  Base.  Although  the  total  average  amount  of  water 
supplied  by  this  system  is  15.0  mgd,  maximum 
demands  can  exceed  21 .0  mgd. 

Anacortes  obtains  its  water  supply  from  two 
Ranney  wells  located  in  the  vicinity  of  Avon  on  the 
east  bank  of  the  Skagit  River  north  of  Mount  Vernon. 
The  Ranney  wells  are  supplied  primarily  by  infiltra- 
tion (estimated  90  percent)  from  the  Skagit  River. 
This  supply  is  supplemented  during  drier  summer 
months  by  pumping  directly  from  the  Skagit  River 
into  the  Ranney  wells.  The  water,  after  treatment,  is 
pumped  through  a transmission  line  across  the  Swino- 
mish  flats  for  about  12  miles  to  Anacortes.  The 
combined  capacity  of  the  Ranney  wells  during  low 
river  stages  is  14.8  mgd  (20.8  mgd  at  average  river 
stages),  and  the  Skagit  River  pumping  plant  can 
supply  6 mgd.  During  peak  use  periods,  the  present 
system,  including  storage,  is  barely  able  to  meet 
demands. 

Skagit  County  PUD  No.  1 -Skagit  County  PUD 
No.  1 provides  about  23,500  persons  and  several 
industries  with  an  average  of  about  8.9  mgd. 
However,  the  major  industrial  consumers,  several 
food  processing  plants,  create  a demand  for  water 
during  July  and  August  that  more  than  doubles 
system  average  requirements. 

Water  for  PUD  No.  1 is  obtained  principally 
from  five  small  streams  in  the  Cultus  Mountain 
watershed.  This  watershed,  lying  on  the  western 
extremity  of  the  Cascade  Mountains  about  9 miles 
east  of  Mount  Vernon,  is  under  private  and  State 
ownership,  and  is  not  managed  by  the  district.  Water 
is  diverted  from  the  streams  and  conveyed  through  26 
miles  of  pipeline  to  Judy  Reservoir,  which  has  a 
storage  capacity  of  3,050  acre-feet.  Present  capacity 
of  the  supply  lines  to  the  reservoir  is  estimated  to  be 
8 mgd.  The  watershed  contributing  to  the  reservoir 
has  a drainage  area  of  13.7  square  miles  and  an 
average  annual  runoff  of  40,000  acre-feet. 

Transmission  line  capacity  from  the  reservoir  to 
the  PUD  distribution  system  is  12.5  mgd.  A Ranney 
well  with  a capacity  of  4 mgd  located  in  north  Mount 
Vernon  and  a conventional  well  in  Sedro  Woolley 
with  a capacity  of  1 mgd,  provides  secondary  sources 
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of  supply.  In  addition,  2-mgd  pumping  and  water 
treatment  plant  located  in  Mount  Vernon  utilizes  the 
Skagit  River  to  satisfy  peak  demand  and  as  a standby 
service  if  other  sources  fail.  Peak  day  capacity  of  all 
sources  is  19.S  mgd.  Three  small  wells  (combined 
capacity  80  gpm)  serve  the  area  on  Fidalgo  Island. 

The  quality  of  the  PUD’s  water  supply  is 
acceptable  for  drinking  water,  although  the  color  of 
the  Cultus  Mountain  water  sometimes  exceeds  desir- 
able levels.  The  only  treatment  the  supply  receives  is 
disinfection. 

Industrial 

Virtually  all  industries  obtain  their  water 
supply  from  either  the  Anacortes  municipal  system  or 
Skagit  County  PUD  No.  1,  though  two  sand  and 
gravel  operations  and  two  ready-mix  concrete  plants 
supply  their  own  water  needs,  diverting  an  average  of 
0.28  mgd  from  surface  sources. 

The  Anacortes  municipal  system  supplies  an 
average  of  14.0  mgd  and  Skagit  County  PUD  No.  1 
supplies  an  average  of  6.8S  mgd  to  various  industrial 
users  in  the  Basins. 

Rural-Individual 

An  estimated  15,270  persons  obtain  water  from 
about  4,610  individual  systems,  of  which  about  90 
percent  are  supplied  by  ground  water. 


WATER  RIGHTS 

The  city  of  Anacortes  has  water  rights  for 
135.0  cfs  (87  mgd)  on  the  Skagit  River,  4 cfs  (2.6 
mgd)  from  Lake  Erie,  and  1,000  acre-feet  per  year 
(0.9  mgd)  from  Lake  Campbell.  Skagit  County  PUD 
No.  1 has  two  water  right  applications  on  Day  Creek 
to  divert  a total  of  62  cfs  (40  mgd),  an  application  on 
the  East  Fork  of  Nookachamps  Creek  for  15.2  cfs 
(9.7  mgd),  and  nine  applications  on  various  creeks  in 
the  Cultus  Mountain  watershed  for  a total  of  53.4  cfs 
(34.4  mgd). 

Surface  and  ground  water  rights  applications, 
permits,  and  certificates  for  municipal,  industrial,  and 
domestic  water  supply  and  irrigation  purposes  in  the 
Skagit  Basin  are  summarized  as  of  December  1 , 1965, 
in  Table  4-3. 


TABLE  4-3.  Municipal  and  industrial  water  rights 


Type 

Muni- 

cipal 

(mgd) 

Indi- 
vidual 
and 
com- 
munity 
domes- 
tic (mgd) 

Indus- 

trial 

and 

com- 

mercial 

(mgd) 

Surface  water 

104.3 

36.6 

19.1 

Ground  water 

24.4 

12.0 

5.4 

Total* 

128.7 

48.6 

24.6 

‘About  24,322  mgd  in  additional  appropriate  rights 
have  baan  granted  for  other  consumptive  uses  in 
the  basin. 


WATER  RESOURCES 


Adequate  water  resources  exist  in  the  Skagit 
Samish  Basins  for  all  predictable  requirements  to  the 
year  2020.  Surface  water  alone  will  provide  many 
times  the  demand,  even  under  the  worst  expected 
drought  conditions. 

SURFACE  WATER 

Surface  water  resources  are  more  than  adequate 
to  provide  a plentiful  supply  of  water  to  the  Basins, 
even  under  the  most  adverse  conditions.  In  addition, 
because  of  the  isolation  of  the  Batin  watersheds, 
contamination  is  unlikely  to  occur. 

Quantity  A vailabi* 

Shan  is  The  Skagit  Basin  produces  more  run- 


off than  any  other  basin.  The  average  annual  dis- 
charge of  the  Skagit  River  into  Skagit  Bay  was  about 
11.8  million  acre-feet  during  the  period  from  1931 
through  1960. 

The  average  discharge  of  the  Skagit  River  ranges 
from  4,418  cfs  (1931-1960)  at  Newhalem  to  16,250 
cfs  (1931-1960)  at  Mount  Vemon.  The  maximum 
recorded  discharge  at  Mount  Vernon  was  144,000  cfs 
(February  1 1 , 1951)  and  '.he  minimum  was  2,740  cfs 
(October  26,  1942).  The  average  annual  runoff  of  the 
Samish  River  is  about  193,000  acre-feet. 

Numerous  glaciers  in  the  Basin  regulate  stream- 
flows  by  practically  eliminating  extreme  lowflows 
during  dry  summer  months.  At  higher  altitudes,  the 
minimum  runoff  occurs  in  February  or  March,  but  at 
lower  elevations  the  minimum  flow  in  tributary 
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streams  normally  occurs  in  September.  Streamflow 
usually  begins  to  increase  in  September  or  October 
from  the  summer  base  flow  of  approximately  9,000 
cfs.  From  October  to  March  the  streamflow  is 
characterized  by  a series  of  sharp  rises  superimposed 
on  an  increasing  base  flow,  which  is  highest  in 
December.  As  temperatures  begin  to  rise  in  April, 
snowmelt  causes  an  increase  in  streamflow,  which 
usually  reaches  an  average  discharge  of  25,000  cfs  at 
Concrete  by  the  middle  of  June. 

A lowflow  frequency  analysis  has  been  made 
for  25  stations  within  the  Skagit -Samish  Basins  by  the 
US.  Geological  Survey.  The  7-day  and  30-day  low- 
flows  for  recurrence  intervals  of  5,  10,  and  20  years 
for  five  selected  stations  in  the  Basins  are  shown  in 
Table  4-4. 


TABLE  4-4.  Low-flow  frequency. 


Discharge  station 

Recur- 

rence 

interval 

(veers) 

7-day 

low- 

flow 

(cfs) 

30-day 

low- 

flow 

(cfs) 

Skagit  River  at 

5 

1,400.0 

2,000 

Newhalem 

10 

1.200.0 

1,600 

20 

1,100.0 

1,300 

Skagit  River  near  Concrete 

S 

5,300.0 

6.300 

10 

4,700.0 

5,500 

20 

4,200.0 

4,900 

Sauk  River  near  Sauk 

S 

1,010.0 

.,220 

10 

860.0 

1,060 

20 

730.0 

900 

Skagit  River  near 

5 

5,800.0 

6.700 

Mount  Vernon 

10 

6,100.0 

5,800 

20 

4,000.0 

5,200 

Samish  River  near 

6 

216 

24 

Burlington 

10 

19.5 

21 

20 

17.8 

19 

Lake*,  Dams  and  Impoundmants-lmpound- 
ments  in  the  Basins  cover  40.5  square  miles  only;  9.1 
square  miles  of  which  are  natural,  the  remaining  area 
represents  reservoirs  used  for  power  generation.  The 
largest  of  the  impoundments,  Ron  Lake  on  the 
Upper  Skagit  River,  has  a total  storage  of  1 ,434,000 
acre-feet.  Two  other  impoundments  on  the  Skagit 
River,  Diablo  Reservoir  and  Gorge  Reservoir  have 
total  capacity  of  89,000  and  8400  acre-feet,  respec- 
tively. Baker  Lake  (298,000  acre-feet)  and  Lake 
Shannon  (159 ,000  acre-feet)  are  both  located  on  the 
Baker  River. 


Quality 

Water  quality  data  have  been  obtained  by  the 
U.S.  Geological  Survey  and  the  Washington  Water 
Pollution  Control  Commission  for  the  Skagit  River  at 
Marblemount  and  Mount  Vernon,  for  the  Baker  River 
at  Concrete,  for  the  Sauk  River  near  Darrington,  and 
for  the  Samish  River  near  Burlington.  The  period  of 
record  for  these  stations  is  shown  in  Table  4-5. 

Physical-Stream  temperatures  of  rivers  in  the 
Skagit-Samish  Basins  are  moderately  low.  The  highest 
recorded  temperature  was  19.0°C  (66.2°F),  taken  in 
the  Samish  River  near  Burlington.  This  river,  because 
of  its  location  and  source,  has  an  average  temperature 
somewhat  higher  than  that  of  other  rivers  in  the 
Basins.  Other  maximum  recorded  temperatures  are: 
17.8°C  (64°F)  for  the  Skagit  River  at  Mount 
Vernon,  15.2°C  (59.4°F)  for  the  Skagit  at  Marble- 
mount  (farther  upstream),  13.0°C  (55.4°F)  for  the 
Sauk  River  near  Darrington,  and  16.7°C  (62.1°F)  for 
the  Baker  River  at  Concrete. 

Sedimentary  material  transported  by  the 
various  rivers  varies  greatly  in  volume  between  normal 
flow  periods  of  high  runoff.  An  analysis  of  data 
obtained  in  1965  and  1966  indicates  that  the  Skagit 
River  can  be  expected  to  transport  a sediment  load  of 
10  million  tons  during  a year  of  normal  streamflow. 
When  the  river  discharge  is  about  70,000  cfs,  a daily 
sediment  load  of  about  640,000  tons  can  be 
expected.  Observed  concentrations  of  suspended  sedi- 
ments in  the  Skagit  River  near  Mount  Vernon  ranged 
from  19  to  654  mg/1  during  1965  to  1966. 

The  Samish  River,  heading  in  low  mountains 
south  of  Bellingham,  may  transport  a total  sediment 
load  of  10,000  tons  during  a year  of  normal 
streamflow.  When  the  flow  of  the  Samish  River  near 
Burlington  is  5,000  cfs,  a daily  sediment  load  of 
about  4,000  tons  can  be  expected.  Observed  concen- 
trations of  suspended  sediment  ranged  from  6 to  60 
ppm  during  1965  and  1966. 

The  Skagit  River  becomes  more  turbid  between 
Marblemount  and  Mount  Vernon  because  of  changes 
in  land  use.  Turbidity  in  the  lower  Samish  River  is 
comparable  to  that  of  the  lower  Skagit  River. 

Chemical- The  chemical  quality  of  surface 
waters  in  the  Skagit-Samish  Basins  is  generally  excel- 
lent. Dissolved  solids  content  range  from  18  to  44 
mg/1  and  values  of  hardness  range  from  12  to  30  mg/1 
in  the  Skagit  River  at  Marblemount.  The  amount  of 
dissolved  mineral  in  the  Skagit  Rivet  water  increases 
only  slightly  downstream,  '.ear  Mount  Vernon,  the 
dissolved  solids  content  ranges  from  0 to  52  mg/I  and 
hardness  values  range  from  13  to  32  mg/1.  Water  in 
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the  Samish  River  has  only  a slightly  greater  mineral 
content  than  water  in  the  Skagit  River.  Maximum 
dissolved  solids  content  and  values  of  hardness 
recorded  for  this  river  are  71  and  44  mg/1,  respec- 
tively (see  Table  4*5). 

The  Skagit  River  and  its  major  tributaries  are 
relatively  fast-moving  water  courses.  Dissolved 
oxygen  (DO)  concentrations  throughout  the  length  of 
the  Skagit  River  are  near  saturation.  At  Mount 
Vernon,  on  the  lower  Skagit  River,  DO  concentra- 
tions range  from  a recorded  low  of  9.3  mg/1  to  a high 
of  13.7  mg/1.  The  lowest  DO  concentrations  recorded 
on  the  Sauk  and  Baker  Rivers  were  10.2  and  9.7  mg/1, 
respectively,  indicating  slightly  higher  concentrations 
in  these  faster  moving  tributaries.  Dissolved  oxygen 
concentrations  in  the  Samish  River  north  of  Burling- 
ton and  Sedro  Woolley  range  from  7.0  to  13.0  mg/1. 

Bacteriological—' The  bacteriological  quality  of 
the  Skagit  River  is  satisfactory,  but  indicates  a general 
trend  of  decreasing  quality  downstream  from  Marble- 
mount.  The  most  probable  number  of  coliform 
organisms  per  100  ml  (MPN)  ranges  from  a low  of  0 
to  a high  of  230  at  Marblemount,  but  is  generally  less 
than  50  per  100  ml.  This  very  low  average  is  typical 
uf  a stream  draining  remote  mountain  areas.  High 
MPN  values  occur  downstream  from  Marblemount  as 
a result  of  domestic  and  livestock  wastes  associated 


TABLE  4-5.  Surface  water  quality. 


with  increased  population  density.  At  Mount  Vernon, 
coliform  densities  range  from  a low  of  0 MPN  to  a 
maximum  24,000  MPN.  The  normal  MPN  values  for 
this  station  range  from  about  91  to  4,600.  Bacterio- 
logical counts  from  the  Sauk  and  Baker  Rivers 
indicate  that  water  from  these  rivers  is  usually  higher 
quality  than  that  from  the  Skagit  River.  The  maxi- 
mum recorded  MPN  values  obtained  on  the  Sauk 
River  and  Baker  River  are  2,400  and  930  coliforms 
per  100  ml,  respectively.  The  MPN  values  obtained 
for  the  Samish  River  near  Burlington  indicate  a range 
of  0 to  1 1 ,000  coliforms  per  100  ml. 


GROUND  WATER 


Ground  water  in  the  Basins  is  a plentiful 
commodity  in  most  basin  areas,  and  is  sufficient  to 
supply  users  now  drawing  from  that  source  (mostly 
rural-individuals).  However,  quality  of  the  ground 
water  is  variable,  and  in  some  areas  is  marginal  for 
domestic  or  industrial  use.  Also,  shallow  ground 
water  in  highly  urbanized  areas  is  subject  to  contami- 
nation because  of  the  influence  of  the  surface. 


Quantity  Available 

Ground  water  occurs  at  shallow  depths  over 
most  of  the  Skagit  River  delta  area.  Fairly  large 
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pumping  yields  of  up  to  600  gpm  have  been 
developed  from  the  major  sand  and  gravel  aquifers, 
which,  however,  may  not  be  present  everywhere  in 
the  delta. 

Recharge  to  the  aquifers  in  the  delta  area  comes 
primarily  from  local  precipitation.  However,  in  the 
upper  areas  of  the  Skagit  Valley,  where  the  alluvium 
is  more  coarse  than  the  fine-grained  alluvium  of  the 
lower  delta,  recharge  may  come  directly  from  the 
Skagit  River.  Aquifers  in  the  lowlands  are  conserva- 
tively estimated  to  receive  about  50,000  acre-feet  of 
recharge  annually. 

Most  ground  water  is  discharged  into  the  Skagit 
and  Samish  Rivers  and  their  tributaries,  but  consider- 
able amounts  are  lost  to  the  atmosphere  through 
evaporation  and  transpiration  in  the  low-lying  delta 
areas,  where  the  water  table  is  at  or  very  near  the  land 
surface. 

Samish  Island  is  a water-short  area.  Most  of  the 
local  precipitation  runs  off  because  of  a thick  cover 
of  relatively  impermeable  glacial  till.  Some  water  does 
percolate,  however,  through  breaks  or  permeable 
zones  in  the  till  and  recharges  the  few  aquifers  that 
exist  on  the  Island.  These  water  strata  have  been 
tapped  by  several  wells  and  supply  sufficient  water 
for  present  domestic  use. 

Quality 

The  quality  of  ground  water  in  the  Skagit- 

TABLE  4-6.  Ground  water  quality 


Samish  Basins  is  variable.  Water  from  some  shallow 
wells  is  of  poor  quality  and  requires  chemical 
treatment  to  remove  objectionable  iron  and  organic 
compounds  before  it  can  be  used  for  domestic  or 
many  industrial  purposes.  In  addition,  ground  water 
becomes  increasingly  saline  towards  the  bay  areas, 
and  in  some  places  along  shorelines,  fresh  ground 
water  cannot  be  obtained.  However,  salt  water  has 
not  significantly  encroached  on  most  ground  water 
sources.  Quality  data  for  water  taken  from  wells  in 
the  western  section  of  the  Basins  is  shown  in  Table 
4-6. 

Ground  waters  generally  may  be  classed  as  soft 
to  slightly  hard.  The  hardness  of  water  from  wells 
listed  in  Table  4-6  averaged  1 12  mg/1,  although  water 
from  one  well  revealed  a hardness  of  320  mg/1. 

High  concentrations  of  iron  in  the  ground  water 
is  a common  problem  in  the  Skagit-Samish  Basins, 

although  data  in  Table  4-6  do  not  indicate  it.  Iron 
concentrations  in  ground  water  in  the  vicinity  of  the 
Skagit  River  are  usually  higher  than  those  in  the  rest 
of  the  Basin.  Iron  removal  facilities  have  been 
included  as  part  of  the  Anacortes  water  supply,  which 
obtains  ground  water  from  two  Ranney  wells  on  the 
north  bank  of  the  Skagit  River  near  Mount  Vernon. 
The  chemical  and  bacteriological  qualities  of  water 
from  these  Ranney  wells  generally  meet  recom- 
mended quality  standards  for  drinking  water,  and  are 
of  adequate  quality  for  continued  use. 
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Oscar  Damon 

33/34H1 

112 

11/21/40 

- 

- 

0.06 

- 

- 

- 

- 

368 

0 

20.0 

34.0 

0.2 

18.0 

- 

- 

320 

708 

- 

H.  A.  Gator  at* 

33/4-33D1 

- 

11/21/40 

- 

- 

0.03 

- 

- 

- 

- 

136 

0 

2.0 

6.0 

0.2 

0.0 

- 

- 

04 

233 

- 

N.  Fortin 

34/4- 7F1 

27 

11/21/40 

- 

- 

0.03 

- 

- 

- 

- 

80 

0 

0 JO 

134) 

0.2 

20.0 

- 

- 

84 

237 

- 

M.  C.  Today 

34/4- 16F1 

136 

11/21/40 

- 

— 

0.02 

- 

- 

~ 

- 

802 

46 

62.0 

784) 

OJ 

0.2 

- 

- 

32 

1.320 

— 

H,  G.  Hofcnpam 

34/4-33F1 

103 

11/21/40 

- 

- 

0.03 

- 

- 

- 

- 

104 

0 

14.0 

22.0 

0.2 

04) 

- 

- 

164 

306 

- 

L.  M.  Roman 

36/3-11R1 

107 

11/21/40 

— 

- 

0.03 

- 

- 

- 

- 

322 

0 

16.0 

216.0 

0.3 

1.1 

- 

— 

142 

1.180 

- 

WMar  Radnor laa,  Inc. 

36/4-320 

4K 

12/1 7/00 

60 

60 

36.00 

9.0 

0.6 

37.0 

3.1 

144 

0 

0.6 

20.0 

0.2 

0.2 

0.00 

230 

62 

316 

6.3 

6/18/00 

62 

- 

- 

- 

- 

— 

— 

131 

0 

- 

- 

- 

- 

— 

— 

86 

206 

6.2 

RRr  of  Watfitn0ton 

36/6-801 

231 

12/17/60 

62 

32 

0.44 

23.0 

11.0 

23.0 

3.2 

142 

0 

0.7 

27.0 

0.2 

0.0 

0.36 

181 

101 

316 

7.7 

<«wN6l 

6/18/00 

61 

- 

- 

- 

- 

- 

- 

146 

0 

— 

- 

- 

- 

- . 

. - 

104 

306 

79 

Co.  FUO  No.  1 

36/6-30M1 

•0 

4/16/62 

- 

43 

0.02 

14.0 

8.3 

8.0 

3.1 

76 

0 

10.0 

7.3 

0.1 

6.2 

- 

138 

80 

178 

79 

Location  coda  lathe  legal  description  of  tha  tit*  of  the  wall  or.  In  tom*  casts,  spring. 

For  example,  27/2-28N2  Indicates  township  27,  range  2 east  (range  west  would  bt 
Indicated  by  2W),  section  26, 40-acre  plot  N,  and  the  second  well  (21  in  that  plot 
(a  latter  t after  tha  numeral  would  Indicate  a spring). 

b Residue  after  av^oratlon  at  1«fc  (36fl°F). 
c Micromhos  at  25°C  (77°F). 

Source:  GROUND  WATER  IN  WASHINGTON,  ITS  CHEMICAL  AND  PHYSICAL  QUALITY, 
Water  Supply  Bulletin  No.  24,  Washington  State  Department  of  Conservation. 
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PRESENT  AND  FUTURE  NEEDS 


Future  water  requirements  in  the  Basins  will  be 
determined  primarily  by  the  rate  of  growth  of 
population,  industry,  and  agriculture.  Extensive 
surveys  indicate  that  a substantial  steady  growth  of 
these  factors  can  be  expected  for  the  next  SO  years. 
Details  of  this  growth,  projected  at  intervals  to  the 
year  2020,  are  presented  in  appropriate  tables  and 
charts  in  the  following  sections. 

Basic  water  supplies  pose  no  problem  for  the 
Basins  through  the  year  2020.  The  Skagit  River  alone 
has  a normal  volume  flow  of  16,250  cfs  (10,500 
mgd),  and  the  worst  expected  drought  over  a 20-year 
period  would  reduce  this  flow  to  not  less  than  4,600 
cfs  (2,967  mgd).  The  projected  water  needs  for  the 
entire  Basins  (116  mgd)  are  thus  protected  by  a 
factor  of  25  to  1 . Further,  the  presently-owned  water 
rights  on  the  Skagit  (290  mgd)  are  more  than  twice 
the  total  projected  requirements  for  2020.  Most  low 
population  density  rural  regions  that  are  beyond  the 
service  area  of  the  major  water  supply  systems  have 
adequate  ground  and  surface  water  supplies  for  the 
year  2020. 

PROJECTED  POPULATION 
GROWTH 

The  projected  population  in  the  Skagit -Samish 
Basins  for  the  years  1965  through  2020  is  shown 
graphically  on  Figure  4-2.  This  projection  indicates 
that  the  1965  population  of  the  Basins  (56,900)  will 
increase  approximately  16  percent  (64,200  persons) 
by  1980,  56  percent  (86,500  persons)  by  the  year 
2000,  and  113  percent  (118,000  persons)  by  2020. 
The  majority  of  the  expected  increase  in  population 
is  expected  to  occur  in  and  around  the  urban 
Anacortes  area,  in  keeping  with  expected  industrial 
expansion  in  that  area. 

PROJECTED  INDUSTRIAL 
GROWTH 

Production  of  the  major  water-using  industries 
in  the  Skagit -Samish  Basins  is  expected  to  increase 
approximately  270  percent  between  1980  and  2020 
in  terms  of  dollar  value  to  the  Basins.  As  shown  on 
Figure  4-3,  the  chemicals,  petroleum,  and  food 
industries  are  expected  to  remain  the  major  industrial 
forces  in  the  Basins,  and  by  2020  should  account  for 


FIGURE  4-2.  Projected  population  growth. 


FIGURE  4-3.  Relative  production  growth  for  major 
water-using  industries. 


more  than  94  percent  of  the  total  value  added  by 
major  water-using  industries.  The  pulp  and  paper 
industry  is  projected  to  increase  moderatley  through 
1980,  and  then  to  decline  slightly  through  2020. 
Total  timber  harvest  should  remain  at  about  the 
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present  level,  but  usage  will  shift  from  lumber 
production  to  manufacture  of  pulp  and  plywood.  By 
2020,  the  pulp  and  paper  industry  will  account  for 
leu  than  3 percent  of  the  total  value  added  by  major 
water-using  industries  in  the  Basins. 

The  majority  of  growth  in  the  chemical  and 
petroleum  and  pulp  and  paper  industries  is  expected 
to  take  place  in  and  around  Anacortes.  Growth  of  the 
food  processing  industry,  on  the  other  hand,  is 
expected  to  concentrate  largely  in  the  more  rural 
areas  of  Mount  Vernon,  Burlington,  and  Sedro 
Woolley. 

PROJECTED  WATER 
REQUIREMENTS 

Based  on  projections  of  population  and  indus- 
trial growth,  it  is  anticipated  that,  by  the  year  2020, 
basin  water  requirements  will  reach  approximately 
1 17  million  gallons  per  day,  an  increase  of  more  than 
300  percent  over  present  requirements.  Figure  4-4 
illustrates  projected  water  needs  in  the  two  major 
service  areas  and  in  the  Basins  as  a whole.  Tables  4-7, 
4-8,  and  4-9  itemize  projected  water  uses  in  1980, 
2000,  and  2020,  respectively.  Table  4-10  summarizes 
water  use  from  the  present  through  2020. 

Municipal 

Municipal  water  requirements,  presently  4.3 
mgd,  are  forecast  to  reach  9.2  mgd  by  1980,  14.5 
mgd  by  2000,  and  23.2  mgd  by  2020.  By  the  year 
2020,  municipal  needs  will  account  for  approxi- 
mately 1 5 percent  of  total  basin  water  requirements. 
Per  capita  usage  is  expected  to  increase  from  the 
present  level  of  107  gpd  to  191  gpd  by  1980, 209  gpd 
by  2000,  and  231  gpd  by  2020. 

Industrial 

Industrial  consumers  are  expected  to  continue 
to  be  the  major  water  users  in  the  Basins,  and  by  th 


FIGURE  4-4.  Location  of  projected  water  supply 
needs 

year  2020  are  forecast  to  require  81  percent  of  the 
total  basin  water  needs.  The  present  industrial  water 
needs  of  23  mgd  are  expected  to  increase  70  percent 
by  1980  and  nearly  300%  to  91  mgd  by  2020. 
Industrial  requirements  are  expected  to  be  greatest  in 
the  Anacortes  area,  in  keeping  with  projected  growth 
trends.  The  paper  manufacturing  and  refining  indus- 
tries in  the  Anacortes  area  are  forecast  to  require 
about  55  percent  of  total  basin  needs. 

Rural-Individual 

Rural-individual  requirements  are  forecast  to 
reach  only  about  2 mgd  by  2020,  an  increase  over 
present  requirements  of  120  percent,  but  a decrease 
from  6 percent  to  less  than  2 percent  of  total  basin 
requirements. 
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TABLE  4-7.  Projected  water  um  (1980) 


Syetem 

Estimated 

population 

aarvad 

Surface  water 

Average 

dally 

usage  (mod) 

Maximum 

monthly 

Ground  water 
Average 
dally 

usage  (mod) 

Maximum 

monthly 

MUNICIPAL  USE 
Anacortee 

13,000 

2.6 

38 

Skagit  County  PUD  No.  1 
(Mount  Vernon.  Burlington, 
Sedro  Woolley) 

30,000 

6.7 

8.0 

Darrington,  Concrete,  Lyman, 
Hamilton,  and  rural 
community  ay  eta  me 

5,200 

02 

0.3 

08 

1.1 

■ 

— 

■ 

Subtotal 

48200 

8.4 

11 8 

02 

1.1 

RURAL-INDIVIDUAL  USE 

16,000 

- 

- 

1.1' 

1.6 

INDUSTRIAL  USE 

Municipally  supplied: 
Anacortas 
Paper  and  allied 

11.4 

128c 

Petroleum 

- 

128 

128 

— 

- 

Chemicals 

— 

0.3 

0.3 

— 

- 

Food  and  kindred 

- 

08 

0.86 

- 

- 

Naval  Air  Baaa 
(WhkJbey  Island) 

18 

2.0 

Skagit  County  PUD  No.  1 
Food  and  kindred 

___ 

62 

lO^ 

Metals 

- 

28 

38 

— 

— 

Self -supplied: 

Food  and  kindred 

28 

- 

Stone,  day,  glees 

— 

08 

0.6 

— 

- 

“ 

“ 

Subtotal 

- 

382 

462 

— 

— 

Total 

64200 

47.3 

68.7 

12 

2.6 

*Beeed  on  assumed  70  gped  and  100  parcant  of  rural  population  to  be  aarvad  by  ground  water. 
b160  parcant  of  average. 
e1 10  percent  of  average. 
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TABLE  4-8.  Projected  water  use  (2000) 


Estimated 

Surface  water  usage  (mod) 

Ground  water  usage  (mgd) 

System 

population 

served 

Avaraga 

daily 

Maximum 

monthly 

Avaraga 

daily 

Maximum 

monthly 

MUNICIPAL  USE 
Anacortes 

20,000 

4.2 

5.9 

Skagit  County  PUD  No.  1 
(Mount  Vernon,  Burlington, 
Sedro  Woolley) 

40,000 

8.4 

11.8 

Carrington,  Concrete,  Lyman, 
Hamilton  and  rural 
community  systems 

9,200 

0.4 

0.6 

1.5 

2.1 

Subtotal 

69,200 

13.0 

18.3 

1.5 

2.1 

RURAL-INDIVIDUAL  USE 

17,300 

- 

- 

1.6* 

2.2 

INDUSTRIAL  USE 

Municipally  supplied: 
Anacortat 
Paper  and  allied 

11.4 

12.5° 

Petroleum 

— 

22.5 

22.5 

— 

— 

Chemicals 

- 

0.7 

0.7 

— 

— 

Food  and  kindred 

- 

1.0 

1.5b 

— 

Naval  Air  Base 
(Whidbey  Island) 

__ 

2.0 

2.5 

_ 

_ 

Skagit  County  PUD  No.  1 
Food  and  kindred 

_ 

13.8 

20.7b 

Metals 

- 

3.6 

5.2 

- 

- 

Self -supplied: 

Food  and  kindred 

5.0 

7.5b 

Stone,  day,  glass 

— 

1.0 

1.2 

— 

— 

Subtotal 

- 

60.9 

74.3 

Total 

86,600 

73.9 

92.6 

3.1 

4.3 

*Baaed  on  90  gpod  and  100  percent  of  rural  population  served  by  ground  water. 
b150  percent  of  average. 

C1 10  percent  of  average. 
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TABLE  4-9.  Projected  water  um  (2020) 


Estimated 

Surface  watar 

usage  (mod) 

Ground  watar  usage  (mod) 

System 

population 

served 

Avaraga 

daily 

Maximum 

monthly 

Average 

daily 

Maximum 

monthly 

MUNICIPAL  USE 
Anacortat 

30,000 

60 

9.7 

_ 

Skagit  County  PUD  No.  1 
(Mount  Vernon.  Burlington, 
Sadro  Woolley) 

65,000 

12.7 

170 

Carrington,  Concrete,  Lyman, 
Hamilton,  and  rural 
community  systems 

16,600 

IX) 

1.4 

2.6 

3.6 

Subtotal 

100,500 

20.6 

28.9 

2.6 

3.6 

RURAL-INDIVIDUAL  USE 

17,700 

- 

- 

2.0® 

20 

INDUSTRIAL  USE 

Municipally  aupplied: 
Anacortat 
Paper  and  allied 

4.2 

4.6C 

Petroleum 

- 

400 

40.0 

— 

Chemicals 

- 

1.4 

1.4 

— 

— 

Food  and  kindred 

- 

10 

20” 

- 

Naval  Air  Baaa 
(Whidbay  laiand) 



20 

3.0 

— 

— 

Skagit  County  PUD  No.  1 
Food  and  kindred 

25.3 

38.0” 



— 

Metals 

- 

40 

60 

— 

Self -supplied: 

Food  and  kindred 

_ 

9.2 

130b 





Stone,  day,  glass 

— 

2 2 

20 

Subtotal 

- 

910 

113.0 

- 

- 

Total 

118,200 

111.8 

141.9 

4.6 

6.4 

*Based  on  1 10  gpcd  and  90  percant  of  rural  population  served  by  ground  watar. 
b1B0  parcant  of  avaraga. 

C1 10  parcant  of  eraraga. 
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NISOUAUY  -DESCHUTES  EASINS 


Figur*  9—1  Land  Ownankip 


NISQUALLY-DESCHUTES  BASINS 


INTRODUCTION 


The  Nisqually-Deschute*  Batin* , Figure  9-1, 
bounded  by  the  Cascade  Mountain  Range  on  the  east, 
by  the  Puyallup  basin  on  the  north,  and  by  Puget 
Sound  on  the  west,  is  the  southernmost  of  the  Puget 
Sound  Area  basins.  It  encompasses  a land  area  of 
1,044  square  miles,  primarily  in  Thurston  County, 
and  includes  Olympia,  the  State  Capitol,  and  the 
southwest  portion  of  the  Fort  Lewis  military  reserva- 
tion. 

GEOGRAPHY 

The  outstanding  physical  feature  of  the 
Nisqually-Deschutes  Basins  is  a broad  glacial  plain 
occupying  the  western  portion  of  the  basin.  This 
plain  comprises  flatlands  from  200  to  500  feet  in 
elevation  that  include  Chambers,  Ruth,  Smith,  and 
Yelm  Prairies.  Low  places  in  these  prairies  contain 
some  rather  large  lakes,  notably  Chambers,  Offut, 
Hides,  Long,  Patterson,  and  Lawrence  Lakes,  The 
eastern  portion  of  the  basin  includes  the  foothills  and 
southwestern  slope  of  Mount  Rainier,  watershed  for 
the  two  major  basin  streams,  the  Nisqually  and 
Deschutes  Rivera. 

The  Nisqually  River,  fed  by  glaciers  on  the 
south  side  of  Mount  Rainier,  flows  northwest  for  over 
80  niles  before  entering  Puget  Sound  at  Nisqually 
Fats,  10  miles  northeast  of  Olympia.  The  Deschutes 
River  heads  in  the  hills  east  of  Ydm  and  flows 
westerly  across  35  miles  of  benchlands  and  prairies  to 
empty  into  Budd  Inlet,  the  southernmost  arm  of 
Puget  Sound. 


CLIMATE 

Basin  climate  is  characterized  by  moderate 
summers  and  wet,  mBd  winters,  with  lower 
temperature  and  higher  precipitation  patterns 
recorded  in  the  mountainous  sector  to  the  east  Total 
precipitation  ranges  from  38  inches  annually  in  the 
lowlands  to  120  indies  in  the  mountains.  Of  this 
precipitation,  only  about  6 percent  falls  during  the 
nimmer  months  of  June,  July,  and  August,  while 
approximately  80  percent  falls  during  October 


through  March.  There  is  very  little  variation  in  tem- 
perature in  the  lowland  area.  Daytime  temperatures 
during  the  winter  are  usually  4.5°  C to  lO.OfC  (4 (f 
to  50°  F)  with  nighttime  temperatures  in  the  range  of 
30  - 40°  F.  Maximum  temperatures  are  between  21°  C 
(70° F)  and  26.8rC  (80°  F)  during  the  summer. 

POPULATION 

An  estimated  68,933  persons  (1965)  live  in  the 
Nisqually-Deschutes  Basins.  Olympia,  with  a 1967 
population  of  20,830,  in  the  State  Capitol  and  county 
seat  of  Thurston  County.  Lacey  and  Tumwater  are 
adjacent  communities  with  populations  of  7,650  and 
4,450,  respectively.  Smaller  towns  such  as  Yelm, 
Eatonville,  and  Rainier  in  the  nearby  fanning  areas 
have  populations  of  fewer  than  900  persons  each.  The 
remainder  of  the  population  resides  on  military 
reservations,  primarily  Fort  Lewis. 

ECONOMY 

Forest  products  are  the  mainstay  of  basin 
economy.  However,  metal  craft,  can  manufacturing, 
boat  building,  cold  storage,  and  meat  packing  are  of 
marked  importance  today  and  give  the  area  a diver- 
sified commercial  base.  The  Olympia  Brewing  Com- 
pany, located  in  the  adjacent  town  of  Tumwater,  also 
has  a favorable  impact  on  Basin  economy. 

Government,  however,  remains  the  leading 
employer  in  Thurston  County,  accounting  for  almost 
36  percent  of  total  employment  in  1963.  Between 
1950  and  1960,  government  employment  in  Thurston 
County  increased  by  46.6  percent  The  manufactur- 
ing sector  also  (days  a leading  role,  but  increases- in 
employment  have  been  gradual,  2.7  percent  in  the 
1950  to  1960  decade  and  3.10  percent  in  the  1954  to 
1964  decade. 

The  Port  of  Olympia,  comprising  over  72  acres 
surrounding  Budd  Inlet,  is  equipped  to  handle  cargo 
from  both  ocean  vessels  and  local  water  freight  It 
also  serves  as  an  export  log  receiving,  handing,  and 
rafting  rite  for  the  local  lumbering  industry.  Indus- 
trial plants  occupy  approximately  half  of  the  port 
property. 
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Livestock  raising,  located  mostly  in  the  central 
and  western  portions  of  the  basin,  is  the  most 
common  and  valuable  farm  industry,  though  dairying, 
berry  growing,  and  poultry  raising  also  play  an  impor- 
tant part  in  the  economy  of  the  basin. 

Fort  Lewis  contributes  to  the  basin  employ- 
ment and  economy. 


LAND  USE 

Land  use  in  the  basin  ranges  from  intense  resi- 
dential and  industrial  areas  on  the  southern  shores  of 
Puget  Sound,  through  dairying  and  farming  on  the 
prairies,  to  heavy  growths  of  timber  in  the  southern 
sector.  Forestland  predominates  and  accounts  for  85 
percent  of  total  basin  land  area.  Cropland,  devoted 
mainly  to  feed  crops  to  support  the  dairy  and  live- 


stock industry,  occupies  the  second  largest  land  area 
of  approximately  6 percent.  Urban  areas  comprise 
less  than  3 percent  of  total  basin  land  area.  Land  use 
in  the  area  is  summarized  in  table  9-1 . 


TABLE  9-1.  General  land  urn. 


Um 

Acres 

Forestland 

608,000 

Cropland 

46,000 

Rmgtlsnd 

43,000 

Other  land  (high,  barren) 

20,000 

Urban  buildup 

19,000 

Inland  water 

10,000 

Total  land  aid  inland  wstar 

648,000 

Source:  Appendix  III,  Hydrolevy. 
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Present  water  sources  and  systems  are  adequate 
to  supply  all  basin  consumers,  and  usable  sources  of 
ground  and  surface  water  far  exceed  the  expected 
water  requirements  through  the  turn  of  the  century. 

WATER  USE 

Total  water  use  in  the  Basin  by  approximately 
70,000  persons  and  numerous  industries  averages  7.6 
mgd,  the  greater  share  of  which  is  supplied  by  various 
ground  sources.  Water  use  is  rather  evenly  divided 
between  municipal,  industrial,  and  rural-individual 
users,  with  municipal  use  accounting  for  approxi- 
mately 55  percent  of  the  total.  Water  consumption 
for  the  basin  is  detailed  in  Table  9-2,  except  4 
existing  County  water  districts  not  now  proriding 
service. 

MyoldlMl 

Municipal  water  use  currently  is  4j08  million 
gallons  per  fey,  and  accounts  for  55  percent  of  total 
Basin  water  consumption.  The  city  of  Olympia, 
serving  22,632  persons,  is  the  lesgest  single  water 
user.  Per  capita  uss  for  Olympia  it  124  gpd.  Turn- 
water  uses  0j6  mgd  in  serving  4,450  persons,  account- 
tag  for  a per  capita  me  of  135  gpd.  The  major  rural 


communities,  consisting  of  6,645  persons,  use  1.05 
mgd,  a per  capita  use  of  158  gpd. 

Industrial 

Industrial  consumers  account  for  about  29 
percent  of  the  total  water  use  in  the  basin,  averaging 
more  than  2 mgd.  Largest  industrial  user  in  the  basin 
is  the  Olympia  Brewing  Company  at  Tumwater, 
which  uses  an  average  of  1.4  mgd.  Several  food  plants 
and  plywood  manufacturers  in  Olympia  together  use 
about  0.35  mgd. 

Rural-Individual 

About  22,900  persons  living  in  rural  areas  use 
1.3  mgd  of  water,  one-third  of  the  basin’s  total  water 
consumption  and  an  average  per  capita  use  of  about 
57  gpd. 

WATER  SUPPLIES 

Ground  water  sources  supply  about  87  percent 
(6.6  mgd)  of  the  total  water  uaed  in  the  basin. 
Surface  water,  from  small  creeks,  supplies  1.0  nyd. 
The  NisquaUy  and  Deschutes  Rivers  are  potentially 
important  as  sources  of  supply  for  both  municipal 
and  industrial  purposes,  although  they  are  not  pres- 
ently used. 
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TABLE  9-2.  Watar  um  (1906). 


Oyetem 

Eatimawd 

population 

■mad 

Surface  water  uaaea  (mad) 

ftfRund  NMatar  una  i 

nwd) 

Maximum 

Avaraoa  Maximum  Maximum 

AveSeee  Maximum  1 

dally 

monthly 

dally 

dally  monthly 

deHy 

MUNICIPAL  USE 

Otympie 

22432 

— 

— 

— 

240 

4.70 

6.70 

McKinley  Water  Co*  Inc. 

04001 

— 

— 

- 

10.14) 

(047) 

(041) 

WWt  Cone*  Water  Supply  Oo. 

(S3 

— 

— 

- 

(041) 

(042) 

(042) 

Paradis 

4J00 

040 

043 

04S 

— 

- 

— 

4400 

0.10 

040 

040 

040 

040 

1.70 

Tumwatar 

4400 

— 

— 

— 

0.60 

140 

140 

Lenemhe 

1400 

04S 

0.10 

0.13 

— 

— 

— 

Eatonvllle 

1400 

040 

0.70 

140 

- 

- 

— 

Yafen 

70S 

— 

— 

— 

0.10 

040 

046 

RaMar 

300 

— 

— 

— 

041 

042 

043 

warn  nifai  wnieinHHiy  lywenu 

6446 

042 

043 

044 

1.03 

144 

2.11 

SubmtM 

wi  ny?  e 

040 

146 

143 

34S 

S4S 

1248 

RUR  AL-INOfVtOUAL  UBE  * 

22411 

0.13 

0.18 

040 

1.13 

140 

248 

INDUSTRIAL  USE 

Otvmpla 

PoodndkMrad 

— 

— 

— 

ai2 

0.12 

0.12 

Lumbar  and  wood 

— 

— 

— 

a 40 

040 

0.60 

Yatm 

Food  and  klnWed 

— 

— 

— 

002 

042 

042 

Fdod  and  kkdnd 

_ 

... 

1.40 

1.70 

240 

044 

044 

044 

- 

— 

— 

Othar  aauroea; 

— 

- 

- 

044 

046 

046 

Subtotal 

044 

044 

044 

240 

240 

240 

Total5 

96436 

140 

1.70 

240 

640 

12.70 

1740 

of  which  ie 

pvovidec  appro xi- 
of  2 JO  mpd  from 
Nicqaaiy  River.  Tha  dty 


of  Laoay  recently  purcfaaaad  the  Huntamai  Water 
Service,  Inc.,  to  create  a municipal  water  department. 
TUa  water  eupply  ia  a group  of  atnail  to  medium  died 
vertical  walla  located  in  and  around  the  dty.  The  dty 
of  Tumwatar,  much  the  eeme  aa  Laoay,  uaaa  ground 
water  from  wetlr  located  near  the  Deeehntec  River. 
The  Olympic  Brewery,  at  Tumwater,  uaea  edf-eup- 
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plied  ground  water  from  artesian  wells  in  the  Des- 
chutes Basin.  Tumwater  and  Yelm  and  other  rural 
communities  supply  approximately  17,000  municipal 
consumers  with  about  1.95  mgd,  also  drawn  from 
ground  sources. 

The  community  of  Eatonville  and  the  Federally 
owned  park  communities  of  Paradise  and  Longmire 
serve  an  estimated  6,700  persons  from  surface 
sources,  however,  Eatonville  is  converting  to  infiltra- 
tion wells  along  the  river. 

Industrial 

Industrial  users  are  supplied  an  average  of  2.24 
mgd,  approximately  90  percent  of  which  is  drawn 
from  ground  water  sources.  At  Tumwater  (photo 
9-1),  the  Olympia  Brewing  Company,  largest 
industrial  consumer  in  the  basin,  draws  its  average 
daily  supply  of  1.4  mgd  from  artesian  wells.  The 
municipalities  of  Olympia  and  Yelm  supply  a total  of 
0.54  mgd  to  industrial  users. 

Rural-Individual 

Approximately  22,900  rural-individual  con- 
sumers are  supplied  1.3  mgd  from  individual  and 
small  community  distribution  systems,  of  which  an 
estimated  90  percent  is  drawn  from  ground  sources. 

WATER  RIGHTS 

The  Nisqually-Deschutes  Basin  has  a total  of 
716  recorded  water  rights;  of  these,  447  are  surface 
and  269  are  ground  (1966-1967). 

The  total  surface  water  prime  right  appropri- 
ations are  3,875  mgd.  Power  generation,  industrial 
and  irrigation  are  the  largest  surface  water  users  in  the 
basin  with  rights  for  3,640,  160  and  43  mgd, 
respectively.  The  remaining  water  rights  (41  mgd)  are 
used  by  individual  and  community  domestic,  muni- 
cipal and  fish  propagation.  Supplemental  rights  have 
been  used  for  11  mgd  in  the  above  categories. 
Reservoir  storage  rights  allow  a total  annual  retention 
of  210,474  acre-feet. 

As  of  April  30,  1967,  applications  for  water 
rights  with  a potential  of  1 ,034  mgd  were  on  file  with 
the  Department  of  Water  Resources. 
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Photo  9-1  Tumwater  and  Olympia,  as  well  as  most 
of  the  basin,  rely  mainly  on  ground  water  sources. 

Diversion  restrictions  for  low-flow  periods  have 
been  imposed  on  many  streams.  Eight  streams, 
including  the  Deschutes  River  proper,  have  been 
closed  to  further  consumptive  appropriations. 

Ground  water  used  in  the  basin  amounts  to  a 
prime  right  total  of  85  mgd  with  irrigation,  individual 
and  community  domestic  and  industrial  being  the 
largest  users.  Supplemental  rights  amounting  to  0.6 
mgd  have  been  issued  in  conjunction  with  the  above 
catagories. 

Applications  indicate  the  potential  of  2 mgd 
additional  being  developed  within  the  basin.  Table 
9-3  lists  water  rights  in  the  basin. 


TABLE  9-3.  Municipal  & Industrial  water  rights. 


Type 

Muni- 

cipal 

(mgd) 

Indi- 
vidual 
and 
com- 
munity 
domes- 
tic (mgd) 

Indus- 

trial 

and 

com- 

mercial 

(mgd) 

Surface  water 

22.7 

12.1 

160.5 

Groundwater 

11.7 

34.1 

14.5 

Total* 

34.4 

46.2 

175.0 

*About  3,715  mgd  In  additional  appropriativ*  rig  lift 
have  bean  granted  for  other  oonaumptlve  uaat  In 
the  basin. 
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SURFACE  WATER 

Surface  water  tourcea  in  the  basin,  including 
streams,  impoundments,  and  lakes,  are  plentiful  and 
are  capable  of  supplying  sufficient  water  to  meet 
anticipated  future  needs,  although  they  presently 
supply  less  than  IS  percent  of  the  basin  water  needs 

Quantity  Available 

Streams.  The  natural  flow  of  the  Nisqually 
River  is  affected  by  regulation  at  Alder  and  LaGrande 
reservoirs.  However,  Adjusted  flows  for  the  river  near 
McKenna  indicate  a mean  annual  discharge  of  1,758 
cfs  during  the  30-year  period  1931  through  1960. 
pie  maximum  discharge  (2  540  cfs)  occurred  in  19S6 
and  wss  144  percent  of  the  1931  through  1960  mean. 
The  minimum  runoff  occurred  in  1944  and  was  only 
59  percent  of  the  long-term  30-year  mean.  Another 
discharge  station  on  the  Nisqually  near  National 
measures  approximately  70  percent  of  the  runoff 
from  this  stream.  During  the  23-year  period  1942 
through  1965,  the  mean  annual  discharge  was  778 
cfs,  with  recorded  high  and  low  flows  of  11,000  cfs 
and  108  cfs,  respectively. 

The  natural  runoff  pattern  of  the  Nisqually 
River  consists  of  two  distinct  peak  periods  each  year: 
one  from  abundant  winter  precipitation  falling 
mainly  in  the  form  of  rain  at  lower  elevations,  and  a 
second  during  the  spring  from  the  melting  of  accumu- 
lated snowpacks  in  the  high  country.  The  low-flow 
period  occurs  in  late  summer,  but  large  quantities  of 
glacial  melt  water  from  the  slopes  of  Mount  Rainier 
augment  the  flows  during  the  warm  months.  The 
summer  base  flow  is  usually  about  400  cfs. 

A discharge  station  near  Olympia  measures 
about  99  percent  of  the  runoff  from  the  Deschutes 
River.  The  mean  annual  runoff  was  390  cfs  for  the 
adjusted  period  of  record.  Since  1946,  when  record 
collection  was  begun  at  this  station,  the  maximum 
discharge  recorded  was  6,650  cfs  and  the  minimum 
was  279  eft.  Records  from  a gaging  station  at  Rainier 
on  the  upper  headwaters  of  the  Deschutes  indicate  a 
mean  annual  discharge  of  267  eft,  baaed  on  a period 
of  record  from  June  1949  through  September  1965. 

Runoff  from  the  Deschutes  River  displays  the 
tanas  pattern  as  other  rain-fed  stream  of  Puget 
Sound.  A period  of  high  flow  occurs  during  the 
winter  months  end  minimum  flows,  enhanced  prime 
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rily  from  ground  water  discharges,  occur  during  the 
months  of  August  and  September.  The  summer  base 
flow  of  this  stream  is  about  100  cfs. 

The  USGS  has  calculated  low-flow  frequencies 
for  the  Nisqually  and  Deschutes  Rivers  using  flow 
data  compiled  at  13  discharge  stations  during  the 
18-year  period  April  1946  through  March  1964.  The 
estimated  minimum  flows  that  may  be  expected  to 
occur  during  any  7-day  and  30-day  period  at  four  of 
these  stations  for  recurrence  intervals  of  5, 10,  and  20 
yean  are  shown  in  table  9-4. 


TABLE  9-4.  Low-flow  frequency. 


Dtschargs  station 

Recur- 

rence 

interval 

(years) 

7-day 

low 

flow 

(cfs) 

30day 

low 

flow 

(cfs) 

Daschutas  River  near  Olympia 

6 

86.0 

89.0 

10 

SOD 

830 

20 

76.0 

790 

Woodland  Creak  near  Olympia 

5 

99 

109 

10 

89 

9.7 

20 

8.0 

89 

Nisqually  River  near 

6 

202.0 

260.0 

National 

10 

178.0 

2139 

20 

166.0 

1889 

Nisqually  River  near  McKenna 

5 

4469 

600.0 

10 

406.0 

6009 

20 

375.0 

466.0 

Dams  and  Impoundments.  The  two  m^or  reser- 
voirs in  the  basin  are  located  on  the  Nisqually  River 
and  are  operated  by  the  city  of  Tacoma  for  power 
generation.  The  Alder  Reservoir  has  232,000  acre-feet 
of  storage,  and  immediately  downstream  from  Alder 
Dam  is  LaGrande  Reservoir,  with  a storage  capacity 
of  2,700  acre-feet.  There  is  no  significant  storage 
development  on  the  Deschutes  River. 

Lakes.  A number  of  lakes  of  significant  size  and 
storage  capacity  provide  an  indication  of  the  abun- 
dance of  water  resources.  Although  the  Basin  lakes 
are  presently  need  only  for  recreation,  they  are  a 
resource  that  provides  natural  storage  for  substantial 
quantities  of  water. 


TABLE  9-5.  Surface  water  quality. 


mq/l 


DESCHUTES  RIVER  NEAR  RAINIER  JULY  1959  THROUGH  AUGUST  1962 


NISQUALLY  RIVER  NEAR  MCKENNi 


NISQUALLY  RIVER  AT  MCKENNA 


JULY  1959  THROUGH  PRESENT 


IRUARY  1955  THROUGH  SEPTEMBER  1955 


14  8 0 48  0.02  9 5 11.2  101  20 

12.0  0.09  0.00  6.2  0 0 4.3  8.6  90  12 


Quality 

The  quality  of  water  in  the  Nisqually  and 
Deschutes  Rivers  has  been  measured  since  July  1959. 
Table  9-5  lists  data  from  these  measurements. 

Physical.  The  temperature  of  the  Nisqually  and 
Deschutes  rivers  is  relatively  low.  A maximum  tem- 
perature of  20.(f  C (68°  F)  has  been  recorded  for  the 
Nisqually  at  McKenna  and  a maximum  of  20.1°  C 
(68.2°F)  has  been  recorded  for  the  lower  Deschutes. 

During  periods  of  glacial  melt,  the  Nisqually 
River  transports  considerable  quantities  of  sediment 
The  concentration  of  suspended  sediment  above 
Alder  Lake  ranges  from  J to  60,000  ppm,  and  data 
obtained  at  McKenna  during  1965  and  1966  indicate 
that  the  river  may  transport  as  much  as  250,000  to 
300,000  tons  of  suspended  sediment  during  a year  of 
normal  runoff.  However,  the  majority  of  the  sedi- 
ment is  deposited  in  Alder  Lake.  Similar  data  for  the 
Deechutes  River  near  east  Otympia  indicate  that  the 
Deschutes  may  transport  an  average  of  30,000  tons 
annually. 

Turbidity  values  are  usually  lam  than  15  JTUtai 
the  Nisqually  and  10  JTU  in  the  Deechutes,  though 
maximum  value  of  25  JTU  has  been  recorded  for  the 
Nisqually  at  McKenna  a maximum  of  30  JTU  has 
been  recorded  for  the  Deechutes  at  Tumwatar. 

CttamlHL  Water  of  the  Nisqually  and  Deechutes 
Riven  is  soft,  low  in  absolved  solids,  and  M0 » in 
dissolved  oxygen  concentrations.  Rath  streams,  how- 


ever, contain  significant  amounts  of  iron,  particularly 
during  periods  of  high  flow.  Iron  concentrations  in 
the  Nisqually  River  average  0.48  mg/1,  with  a 
maximum  of  4.40  mg/1  having  been  recorded.  Surface 
water  in  the  headwaters  of  the  Deschutes  River  near 
Rainier  is  low  in  iron,  but  downstream,  near  the 
outlet  at  Turn  water,  iron  concentrations  are  high, 
averaging  0.36  mg/1  with  a recorded  maximum  of 
0.88  mg/1. 

Bacteriological.  Most  of  the  samples  collected 
from  the  Nisqually  River  at  McKenna  reveal  coliform 
density  MPN  values  of  less  than  100,  though  a 
maximum  MPN  of  2,400  was  recorded.  Coliform 
counts  on  the  lower  Deschutes  at  Turn  water  average 
dightiy  higher  than  646  MPN.  Upstream  on  the 
Deschutes  near  Rainier,  most  MPN  values  are  less 
than  100,  but  occasional  samples  reach  as  high  as  930 
MPN. 

GROUND  WATER 

Ground  water  resources  in  the  basin  are  plenti- 
ful, and  though  ground  water  presently  supplies  more 
than  85  percent  of  all  water  uaed  in  the  basin,  ade- 
quate reserves  are  available  for  future  use.  However, 
beceuea  ground  water  eources  are  particularly  suscep- 
tible to  contamination,  and  will  become  increasingly 
so  as  the  basin  becomes  more  urbanized,  treatment 
plants  may  have  to  be  constructed,  or  remote  sources 
developed,  to  ensure  a water  supply  of  adequate 
quaniy. 


Quantity  Available 

Plentiful  supplies  of  usable  ground  water  are 
available  in  the  basin,  particularly  in  the  flood  plain 
of  the  Nisqually  River,  and,  to  a lesser  extent,  on  the 
Deschutes  flood  plain. 

Recessional  outwash,  which  covers  most  of  the 
lowlands,  is  the  most  important  aquifer  in  the  basin, 
and  moderate  to  large  supplies  of  water  can  be  drawn 
from  this  material.  However,  it  is  susceptible  to 
contamination  in  urban  areas  because  of  its  strati- 
graphic position.  Till,  a concrete-like  mixture  of  day, 
sQt,  sand,  pebbles,  cobbles,  and  boulders,  is  quite 
common  and  supplies  many  individual  consumers 
with  water  for  domestic  use,  though  it  is  not  an 
important  aquifer  in  the  basin. 

Practically  all  aquifers  in  the  basin  are  re- 


charged by  precipitation,  and  may  receive  as  much  as 
200,000  acre-feet  of  recharge  in  an  average  year. 

Quality 

Most  ground  water  in  the  basin  is  quite  soft, 
low  in  dissolved  solids,  and  of  generally  good  quality. 
The  concentrations  of  hardness  indicators  and  dis- 
solved solids  are  usually  less  than  60  mg/1  and  ISO 
mg/1,  respectively.  Concentrations  of  silica  usually 
range  from  20  to  40  mg/1.  However,  objectionable 
concentrations  of  iron  occur  locally,  primarily  in 
shallow  aquifers  that  underlie  the  Nisqually  flood 
plain,  and  highly  mineralized  ground  water  is 
common  near  Puget  Sound  where  fresh-water  aquifers 
contain  traces  of  salt  water.  Table  9-6  shows  ground 
water  quality  data  for  selected  wells  in  the  basin. 


TABLE  9-6.  Ground  water  quality. 


(mg/i) 


Charles  McPheH 

16/3-22A2 

2/8/61 

48 

48 

0.26 

26.0 

3.7 

25.0 

23 

0.2 

0.36 

186 

80 

246 

7.7 

S.  R.  Whits 

16/4-501 

12/15/60 

48 

50 

0.23 

21.0 

12.0 

iao 

2.5 

0.1 

0.26 

163 

100 

223 

7.4 

George  Lenz 

18/2-36Q1 

11/28/60 

48 

31 

0.15 

10.0 

4.6 

5.1 

1.3 

0.6 

0.26 

88 

44 

110 

7.6 

A.S.  Andrews 

18/4-10Q1 

11/28/60 

46 

33 

O.6C0 

16.0 

6.3 

a4 

2.9 

0.1 

0.49 

117 

66 

160 

7.8 

J.M.  Hales 

17/2-19J6 

2/12/52 

61 

21 

2.0Cfi 

7.8 

3.4 

4.7 

1.8 

9.4 

75 

33 

97 

7.0 

City  of  Yalm 

17/2-19N1 

11/12/66 

60 

23 

0.26 

8.0 

2.9 

4.6 

1.0 

6.0 

0.11 

75 

34 

101 

6.7 

GHbart  Roehr 

17/2-29U4 

2/12/52 

61 

21 

1.20 

11.0 

6.7 

6.1 

2.0 

4.7 

103 

51 

129 

7.3 

Thurston  County  Public 

Utilities  Diet  No.  1 

18/1W-15H1 

11/13/56 

62 

46 

0.02 

12.0 

4.6 

6.5 

1.7 

0.3 

1.00 

104 

46 

126 

7.3 

L.S.  Huntamar 

18/1W-21D3 

4/20/68 

61 

36 

0.06 

8.4 

6.4 

5.2 

2.0 

6.6 

0.14 

88 

38 

111 

7.3 

City  of  Olympia 

18/2W-24F1 

12/30/44 

34 

0.25** 

ao 

9.1 

6.3 

1.7 

0.2 

104 

67 

138 

Johnson  Point  Community 

Corp. 

19/1W-40 

12/10/60 

47 

32 

an 

17.0 

17.0 

9.7 

2.0 

0.3 

0.06 

155 

114 

161 

7.2 

Coopers  Point  Water  Co. 

19/2W-6R1 

11/12/66 

62 

46 

0.62 

14.0 

23 

20.0 

1.9 

0.8 

2.20 

143 

47 

192 

7.2 

Is  the  legal  description  o*  the  dte  of  the  wsil  or.  In  some  cans,  spring. 
For  example,  27/2-26N2  Indlcatse  township  37,  range  2 sast  (rangs  wsat  would  bs 
Indicated  by  2W),  ssctlon  28,  SO  sera  plot  N,  and  the  second  wall  (2)  In  that  plot 
(a  latter  a attar  the  numeral  would  Indleate  a spring). 

180°C  (3B0°F). 


CMlenxnhoe  at  X°C  <77°F>. 

'V otal Jrofuiorw  not  noted  rapnwit  Won  In  solution  st  the  time 

Source:  GROUND  WATER  IN  WASHINGTON,  ITS  CHEMICAL  AND  PHYSICAL  QUALITY, 
vWmWf  Buppiy  •uueiin  rvo,  vfwninpon  siHe  UBpetneni  ™ vonenviiion. 
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PRESENT  AND  FUTURE  NEEDS 


The  principal  factors  that  will  determine  future  PROJECTED  POPULATION  GROWTH 
water  demand  in  the  Nisqually -Deschutes  Basin  are 

population  increase  and  increased  use  by  processing  Figure  9-2  shows  the  projected  population 

industries.  The  major  industry  determined  by  the  growth  in  the  Basin  from  1967  through  2020.  The 

Task  Force  is  food  and  kindred  products.  In  the  1967  population  70,100  will  increase  about  54 

interim,  since  the  Task  Forces’  projections,  condi-  percent  to  74,900  by  1980,  about  169  percent  to 

tions  of  growth  and  change  have  altered  the  concepts  104,500  by  the  year  2000,  and  312  percent  to 

of  the  MftI  Committee  toward  population  and  146,500  by  2020.  Most  of  the  increase  is  expected  to 

industrial  growth  in  the  Niaqualiey -Deschutes  Basin.  occur  in  and  around  the  Olympia  urban  area.  In- 

It  is  apparent  that  a new  State  college,  an  aggressive  creased  need  for  local  and  State  government  services 

and  well-supported  Port  District  for  industrial  devel-  and  educational  services,  and  industrial  growth  of  the 

opment,  and  a municipal  water  department  in  Olym-  Port  of  Olympia  and  Nisqually  Flats  area,  will 

pia  which  has  experienced  in  a few  short  yean,  a per  account  for  most  of  the  added  population, 

capita  increase  in  water  consumption  from  a level 

experienced  by  smaller  towns  and  communities  to  a PROJECTED  INDUSTRIAL  GROWTH 
per  capita  level  experienced  by  the  larger  Puget 

Sound  municipalities,  such  as  Tacoma,  Bellingham,  Production  growth  in  the  Nisqually-Deschutes 

and  Mountlake  Terrace,  provided  the  Committee  with  Basin  (r  igure  9-3)  as  measure  by  value-added  will 
adequate  reasons  to  revise  the  projected  population  increase  350  percent  from  the  present  to  2020. 
and  industrial  growth  upward.  Major  industrial  activity  to  the  year  2020  will 

Not  only  industrial  demands  but  also  domestic  be  food  processing,  with  brewing  the  largest  single 


use  is  projected  to  create  more  than  a nominal  contributor.  As  shown,  this  industry  by  then  will 
increase  in  demand  on  water  supplies.  account  for  more  than  three-fourths  of  the  total  value 


added  by  major  water-using  industries.  The  prediction 
assumes  that  lumber  production  will  decline,  but  that 
the  decline  will  be  made  up  by  a rise  in  activities  in 
the  chemical  and  metals  and  pulp  and  paper  indus- 
tries, also  major  water  users. 


PROJECTED  WATER  REQUIREMENTS 

Total  water  requirements  in  the  Basin  are 
expected  to  reach  88  mgd  by  the  year  2020,  an 
increase  of  about  878  percent  over  present  require- 
ments. Ground  water  sources  will  supply  97  percent 
of  the  projected  water  needs.  Tables  9-7, 9-8,  and  9-9 
itemize  projected  water  use  in  1980, 2000,  and  2020, 
respectively.  Table  9-10  summarizes  water  use  from 
the  present  through  2020. 

Municipal 

Municipal  water  requirements  are  projected  to 
reach  an  annual  daily  average  of  173  mgd  by  1980, 
33.2  mgd  by  2000,  and  54.0  mgd  by  2020.  Per  capita 
municipal  use  is  expected  to  rise  from  89  gpd  at 
present  to  703  gpd  in  1980,  205  gpd  in  2000,  and 
207  gpd  in  2020.  These  projected  use  figures,  higher 
than  most  of  the  basins  in  the  Study  Area,  are  based 


on  data  from  the  city  of  Olympia  Water  Department. 
Because  future  municipal  use  in  the  Basin  will  occur 
mainly  in  Olympia  service  area,  and  because  a 
considerable  increase  in  water  consumption  is  projec- 
ted for  other  municipal  systems  in  the  Basin,  these 
per  capita  figures  appear  reasonable. 

Industrial 

Industrial  water  needs  annually  average  2.2  mgd 
at  present.  Demand  is  expected  to  increase  to  8.1 
mgd  by  1980,  to  16.8  mgd  by  2000,  and  to  26.0  mgd 
by  2020.  Industries  will  use  25  to  35  percent  of  the 
total  water  needs  in  the  Basin.  Until  about  1980  or 
1985,  ground  water  will  supply  most  needs  of 
industries.  After  that,  surface  water  development 
could  begin  to  supply  at  least  part  of  the  needs. 

Rural-Individual 

Rural-individual  water  requirements,  presently 
averaging  1.26  mgd  annually,  will  increase  to  3.2  mgd 
by  the  year  2020.  This  increase  is  substantially  less 
than  increases  in  other  use  categories;  rural-individual 
needs  which  now  comprise  16  percent  of  the  total 
demand,  will  amount  to  less  than  4 percent  of  total 
water  requirements  by  2020. 


* 


TABLE  9-7.  Projected  water  use  (1980) 


Estimated 

Surface  water 

usage  (mgd) 

Ground  water 

usage  (mgd) 

System 

population 

ssrved 

Avtrqp 

daily 

Maximum 

monthly 

Average 

daily 

Maximum 

monthly 

MUNICIPAL  USE 

Olympia 

61,100 

— 

- 

10.70 

13.80 

Tumwster 

11,600 

— 

- 

2.23 

2.88 

Lacey 

11.600 

- 

— 

2.23 

2.88 

Eatonville.Valm, 

Rainier,  Longmire,  Paradise 

and  rural  community  systems 

11,000 

0.4 

0.6 

1.70 

2.40 

wsMMaeMa 

Subtotal 

86,300 

0.4 

0.6 

16.90 

23.40 

RURAL-INDIVIDUAL  USE 

22,600 

- 

- 

1.608 

2.20 

INDUSTRIAL  USE 
Olympia 

Chemical 
Food  and  kindred 

_ 

_ 

6.00 

0.1^ 

6.00 

0.23® 

Lumbar  and  wood 

— 

-- 

- 

0.3CP 

0.32? 

Yetm 

Food  and  kindred 

- 

~ 

- 

o.or 

0.04c 

Self -supplied: 

Food  and  kindred 

— 

— 

— 

1.80° 

2.30“ 

Stone,  clay,  glaas 

— 

0.4 

0.6° 

— 

— 

Paper  and  allied9 

— 

— 

— 

0.40 

0.46 

' ■ 

■ 



Subtotal 

- 

0.4 

0.6 

7.70 

10.40 

Total h 

107,800 

08 

1.2 

26.20 

36.60 

‘Based  on  70  gpcd  and  100  percent  of  rural  individual  population  served  by  ground  water  by  1980. 
bDetermined  as  a percent  of  1966  water  use  by  using  growth  factors  of  1.26  (1966-1980), 

1.98  (1980-2000),  and  190  (2000-2020). 
c160  percent  of  average. 

d126  percent  of  average  (brewery  demand  which  is  more  evenly  distributed  between 
average  and  maximum). 

'Lumber  and  wood  projected  to  decline  to  year  2020.  Water  uae  based  on  growth  factors 
of  0.8, 0.6, 0.4  for  1966-80, 1960-2000, 2000-2020. 

*110  percent  of  average. 

^Projected  for  basin  on  basis  of  economic  projection.  1966  water  use  for  paper 
and  allied  not  known  guessed  to  be  about  0.2  mgd. 

^Figures  are  rounded. 
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TABLE  9-8.  Projected  water  use  (2000). 


p 


■ 


? 

< 

f 


i 


I 


) 


System 

Estimated 

population 

served 

Surf  act  watar 

Avaraga 

daily 

uey  (mgd) 
Maximum 
monthly 

Ground  water 

Average 

daily 

utaoa  (mod) 

Maximum 

monthly 

MUNICIPAL  USE 

Olympia 

100,700 

- 

— 

21.60 

27.86 

Tumweter 

23,400 

— 

— 

4.31 

5.66 

Lacey 

23,400 

— 

— 

4.31 

6.66 

EatonvWa,  Yetm 
Rainier,  Long  mi  re,  Paradiea 

and  rural  ooffiffiuflity  lyitinv 

14,500 

0.6 

09 

2.40 

3.40 

* ~ '■ 

— — 

— 

- — 

• wee 

Subtotal 

182,000 

0.6 

09 

32.60 

42.40 

RURAL -INDIVIDUAL  USE 

26,000 

- 

- 

2.30  • 

3.30 

INDUSTRIAL  USE 
Olympia 

Chemical 

Food  and  kindred 

11.00 
0.30 13 

13.00 
0.46  c 

Lumber  and  wood 

— 

— 

— 

0.18* 

0.19  f 

Yelm 

Food  and  kindred 

— 

— 

— 

0.06  “ 

0.10  c 

Seif -supplied: 

Food  and  kindred 

- 

— 

— 

3.60  b 

4.60  ° 

Stone,  day,  glaae 

— 

09 

1.3  c 

— 

— 

Paper  and  allied  • 

— 

— 

— 

0.80 

0.90  f 

- — M 

" ■■ 

•were 

wrereaawre 

■ ■ ■ 

Subtotal 

— 

09 

1.3 

16.40 

14.10 

Total  •> 

188,000 

19 

2.1 

60.80 

64.80 

*Baeed  on  90  oped  and  100  percent  of  rural  individual  population  served  by  ground  water  by  1980. 


bOscennfned  as  e percent  of  1908  water  use  by  using  growth  factors  of  1.25  (1908-1960), 

1.98  (1980-2000),  and  1JB0  (2000-2020). 

c100  percent  of  average. 

d128  percent  of  average  (brewery  demand  which  Is  mors  evenly  distributed  between  average  and 
maximum). 

'Lumber  and  wood  protected  to  decline  to  year  2020.  Water  uae  bated  on  growth  factors 
of  0l9,  0.0, 0.4  for  1908-1980, 1980-2000, 2000-2020. 

f110  percent  of  average. 

*Pi  ojaueeU  for  basins  on  bade  of  economic  protection.  1908  water  uae  for  paper  and 
aWled  not  known  gueee  to  be  dtout  0.2  mpd. 

V burse  are  rounded. 
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TABLE  9-9.  Projected  wfr  uw  (2020). 


Eatimatad 

population 


Surface  water  uaacr  (mod) 
Average  Maximum 

dally  monthly 


X 


round  watar 

VMQI 


dally 


uaaq*  (mod) 
Maximum 
monthly 


MUNICIPAL  USE 
Olympia 

167,400 

40.00 

61.6 

Tumwatar 

40,000 

— 

— 

7.06 

9.09 

Laoay 

40,000 

— 

— 

7.06 

9.09 

EatonvHIa,  Yalm. 

Rainier.  Longmire,  Paradba 
and  rural  community  ayatam* 

21.200 

OX 

1.1 

4.10 

6.80 

1 

■ - 

*aa^— 

Subtotal 

259,600 

ox 

1.1 

68.20 

76.60 

RURAL-INDIVIDUAL  USE 

29,300 

- 

- 

3.20 

4xn 

INDUSTRIAL  USE 
Olympia 

WWlTtlCBI 

Food  and  kind  rad 

16.00 

0.80 

18.00 

0.90 

Lumbar  and  wood 

— 

— 

— 

0.10 

0.11 

Yalm 

Food  and  kindred 



___ 

0.11 

0.17 

9aff-auppliad: 

Food  and  kindred 

6XO 

&60 

Stone,  day.  glam 

— 

22 

3.3 

— 

Papar  and  allied 

— 

— 

— 

1.20 

1.30 

— — 

■ 

i -■ 

Subtotal 

— 

22 

3.3 

23.8 

29.1 

Total 

287.900 

3.0 

4.4 

86.2 

109.2 

*Baaed  on  110  gpod  and  100  par  cam  of  rural  individual  population  aerved  by  ground  watar  by  1960. 

bDatarmined  aa  a par  cant  of  1966  watar  uaa  by  udng  growth  factor*  of  126  (1906-1960),  138  (1960-2000), 
and  190  12000-20201. 

c150  parcant  of  avaraga. 

d125  parcant  of  avaraga  (brewery  damand  which  I*  mora  avanly  dittributad  between  avaraga  and 
maximum). 

'Lumber  and  wood  profactad  to  decline  to  yaar  2020.  Watar  uaa  baaad  on  promth  factore 
of  OX.  0.6. 0.4  for  1966-1980, 1980-2000, 2000-2020. 

*110  parcant  of  avaraga. 

gProiected  for  baein  on  baaie  of  aconomic  projection.  1966  watar  uaa  for  papar  and  aMad 
not  known -gueaaed  to  be  about  02  mgd. 

"Figuraa  are  rounded. 
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TABLE  9-10.  Summary  of  projactad 


Use 

Year 

Estimated 

population 

served 

Surface  w 

Mar  usage  (mgd)  Ground  wear  usaoa  (mad)  Total  water  usage  (mgd) 

Avenge 

daily 

Maximum 

monthly 

Average 

daily 

Maximum 

monthly 

Average 

.deity 

Maximum 

.monthly 

Municipal 

1968 

46,000 

0.6 

1.3 

4.7 

A7 

5.3 

10.0 

1980 

85,300 

0.4 

0.6 

16.9 

23.9 

17.3 

24.6 

2000 

162,000 

0.6 

0.8 

32.6 

42.4 

33.2 

43.2 

2020 

268,600 

0.8 

1.1 

68.2 

76.6 

69.0 

78.7 

Industrial 

1966 

0.2 

0.2 

2.0 

2.4 

2.2 

2.6 

1980 

— 

0.4 

0.6 

7.7 

10.4 

8.1 

11.0 

2000 

— 

0.9 

1.3 

16.9 

19.1 

16.8 

20.4 

2020 

— 

2.2 

3.3 

23.8 

29.1 

26.0 

32.4 

Rural-Individual 

1966 

22,900 

0.1 

0.2 

1.1 

1.6 

1.2 

1.8 

** 

1980 

22,500 

- 

- 

1.6 

2.2 

1.6 

2.2 

2000 

26,000 

- 

- 

2.3 

a3 

2.3 

as 

2020 

29,300 

- 

3.2 

4.5 

3.2 

4.5 

Totals 

1966 

68,900 

0.9 

1.7 

7.8 

12.7 

8.7 

14.4 

I960 

107,800 

0.8 

1.2 

26.2 

36.6 

27.0 

37.7 

2000 

188,000 

1.5 

2.1 

50.8 

64.8 

52.3 

86.9 

2020 

287,900 

3.0 

4.4 

86.2 

108.2 

88.2 

113-6 

No«:  AN  figures  at  rounded. 


f;  MEANS  TO  SATISFY  NEEDS 


t 

■ 

! 


GENERAL 

The  projected  annual  water  use  is  expected  to 
reach  88  mgd  by  the  year  2020.  This  is  an  increase  of 
84  mgd  over  the  *965  average  use.  Optimum  or  peak 
water  requirements  will  be  almost  two  times  this 
average  or  nearly  156  mgd.  Tables  2-12  or  2-13,  the 
Area  Plans,  summarize  the  Basin’s  annual  average  and 
optimum  requirement.  Table  9-1 1 , MAI  Water  Supply 
Needs,  reviews  the  needs  of  the  major  water  systems 
in  the  Basin. 

Nisqually -Deschutes  Basin  not  only  has 
adequate  surface  water  but  also  has  very  substantial 
ground  water  aquifers.  At  present,  ground  water 
supplies  87  percent  of  all  water  used  in  the  basins  and 
further  development  to  satisfy  future  needs  is 
possible. 

The  city  of  Olympia  presently  draws  its  water 
from  McAllister  Spring  source  near  the  Nisqually 
River.  Present  development  at  the  sources  is  capable 
of  supplying  21  mgd.  With  additional  transmission 
facilities,  this  could  be  expanded  to  30  mgd. 

The  city  of  Lacey  having  recently  purchased 
the  local  water  system  can  develop  it  to  meet  the 
future  needs  of  that  community.  Several  items  must 


be  accomplished  even  before  the  present  needs  can  be 
adequately  met.  These  are:  to  provide  storage  to 
meet  peak  demands;  enlarge  the  transmission  mains; 
and  provide  one  or  two  large  capacity  wells  to 
prevent  low  pressure  during  peak  demand  hours. 

The  city  of  Tumwater,  using  ground  water  in 
the  Deschutes  Basin  can  develop  adequate  water  to 
meet  future  demands  though  2020.  However,  storage 
must  be  provided  to  meet  peak  demand  with  ade- 
quate water  pressure. 

A comparison  of  projected  water  supply  devel- 
opment and  projected  water  use  demonstrates  that 
adequate  supplies  of  both  surface  and  ground  water 
are  available  within  the  Basins  to  meet  all  anticipated 
future  needs. 


BASIN  PLANS 

“The  Olympia  Area  lies  in  a broad 
ground  water  area  with  eight  subareas  eco- 
nomically available  for  development  of  good 
quality  water.  Six  are  within  or  near  urban 
centers.  Extensive  testing  would  be  required 


9-13 


TABLE  9-11.  M & I Watar  Supply-Capital  Improvements 
Nisquaity-Daschutm  Bad  ns 


M.  G.  D. 

1986 

Prewnt 

1966-1980 

Future 

1980-2000 

2000-2020 

Population  Ssrvsd 

22,632 

61,100 

100,700 

187.400 

OLYMPIA 

Optimum 

33.6 

06.3 

103.6 

Capital  1 improvement* 

— 

12.6 

32.7 

37.3 

Population  Served 

— 

11,600 

23,400 

40,000 

LACEY 

Optimum 

7.6 

16.4 

26.3 

Capital  Improvements 

2.0 

4.6 

7.8 

10.9 

Population  Served 
TUMWATER 

. 

11,600 

23.400 

40.000 

Optimum 

— 

7.6 

16.4 

26.3 

2.0 

4.6 

7.8 

10.9 

Population  Served 

10.600 

11,000 

14,800 

21,100 

SMALL  A RURAL 
COMMUNITY  SYSTEMS 

Optimum 

6.9 

7.2 

9A 

1X8 

Capital  Improvement! 

6.1 

0.3 

2.4 

4.2 

Population  Served 

— 

— 

— 

— 

SELF  SUPPLIED  INDUSTRY 

Optimum 

2.0 

3.4 

6.7 

13.2 

Capital  Improvamant! 

013 

1.4 

X3 

6.6 

Population  Satvad 

— 

86,300 

162,000 

288,600 

TOTAL 

Cflptttl  1 IflpfWWWNtl 

— 

29 

64 

70 
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NOTE:  Figum  an  roundad. 


to  learn  the  true  potential  of  each  area,  but 
there  appears  to  be  a potential  for  upwards 
of  100  mgd  from  these  ground  water  areas 
for  the  future  needs  of  Olympia,  Lacey  and 
Tumwater.” 

Reference: 

“Potential  Sources  of  Ground  Water,  City  of 
Olympia,  Water  Needs  and  Sources,  July 
1968",  Arvki  Grant  A Associate*. 
Construction  Engineers,  Olympia. 

Table  9-1 1 includes  present  and  future  needs 
through  the  year  2020  for  the  major  water  uaers  in 
the  basins. 

The  Selected  Pkn,  Table  9-12,  for  the  Nisqual- 
ly-Deschutes  Basin  caUe  for  the  continued  and  ex- 
panded development  of  existing  pound  water  sources 
through  the  year  2020  to  meet  all  municipal,  indus- 


trial, and  self-supplied  industrial  water  needs.  System 
development,  costs,  and  projected  annual  revenue  are 
also  shown  for  the  basins. 

Current  indications  (Report-Xity  of  Olympia, 
Needs  end  Sources,  Arvki  Grant  A Associates,  July 
1968”)  are  that  further  accelerations  of  population 
projections  can  be  expected  to  occur  beyond  that 
shown  in  Figure  9-3,  Projected  Population  Growth, 
largely  due  to  the  new  four-year  college,  which  will 
be  located  immediately  northwest  of  Olympia  proper. 
Unquestionably,  a new  college  will  grow  at  a high  rate 
for  its  first  years  of  operation.  The  means  to  satisfy 
needs  for  this  basin  will  be  those  developments  which 
the  city  of  Olympia  hat  considered  in  their  report. 

The  “City  of  Olympia  Report"  aho  calk  for  the 
development  of,  in  1970  and  again  in  1990,  a 5 mgd 
block  of  water  to  be  used  for  industrial  puipoees. 


he r*-* 


TABLE  B-12  M & I Water  Supply  Uae  Ptanning-Praaaftt  to  yaar  2020  Salaeted  Batin  Plan  NitqutUy-Datchutet  Batin* 


1967 

0rr,MUM  THOUSAND  DOLLARS 


Plen 

LiWi 

Source 

Development 

of 

Dewl 

Protected 

Annuel 

Ntr.Uve 

MOD 

CAPACITY 

MGD 

Supply  Trensm. 

AMORTIZED 
CAPITAL  COSTb 
Supply  8 Treat 
Trenem.  ment 

MAINTENANCE 
ANDOPER 
Iron  Pumptnp 

Total 

Annual 

Income 

OLYMPIA 

PflWWt 

am 

Develop  Load  O round  Wet er  MoAHMm  Spp. 

CbNL 

3 

IS 

21 

38 

380 

1980 

ON 

ADO:  Cepeofty  MMeAMeMrSprinM 

1S70 

H 

IS 

10 

t.MO 

81 

1.214 

MOO 

ON 

Kwa  NaN  PleM  Developed 

33 

33 

38 

1.M0 

84 

2.710 

2000 

ON 

Additional  development 

1996 

66 

37 

37 

2420 

IIS 

4,008 

* MoANddr  Sprint* 

o 

OLYMPIA  9CLBCTCO  PLAN  TOTAL 

KM 

KM 

$ 8400 

TUMNATfB 

Pimm 

ON 

Local  Ground  New  Development 

lid. 

03 

1.0 

1.0 

(Prevent  Need) 

LooM  O round  Never  Oevelopineni  ZOnpl 

24 

24 

120 

19M 

ON 

Load  Q round  Neter  Development  IJmpd 

1970 

2.2 

4.6 

44 

278 

13 

266 

2000 

ON 

Local  Ground  Never  Development  3.6mpd 

4.3 

74 

74 

488 

26 

602 

mo 

ON 

Local  Ground  Never  Development  4.0mpd 

7.1 

104 

104 

884 

41 

329 

TUMNATCB  BSLfCTlD  PLAN  TOTAL 

3U 

284 

81418 

LACCY 

PlMMIt 

ON 

Loool  Ground  Noim  Develop  men  i 

lid 

03 

14 

1.0 

3 

39 

Load  Ground  Never  Devdopment  2-Ompri 

24 

2.0 

120 

1900 

ON 

Load  Ground  No Nr  Devolopmvnt  14mpd 

1870 

3.2 

44 

44 

278 

13 

298 

M00 

ON 

Load  Ground  NMer  Devdopment  3.6mpd 

4.3 

74 

74 

488 

26 

602 

MM 

ON 

Load  Oround  Neew  Development  40n|d 

7.1 

104 

109 

884 

41 

829 

LACCY  SC  LECTIO  PLAN  TOTAL 

303 

384 

3 1413 

MALL  * BUBAL  COMMUNITY  SYSTEMS 

Bmm 

ON 

Load  Ground  Never  Development 

(id 

3 

14 

14 

7 

117 

Load  Oround  Never  Oovelopment  S.1mfd 

8.1 

8.1 

30 

mo 

ON 

Load  Oround  NolM  Oovelopment 

3 

0 

0 

21 

234 

MM 

Load  Ground  Nodr  Development  2Jwd 

3 

24 

24 

18 

31 

390 

MM 

ON 

Load  Qroond  Nont  OviMepmem  1S«H 

• 

44 

44 

27 

81 

984 

MALL  * BUBAL  COMMUNITY  SYSTEMS  98LCCTVD  PLAN  TOTAL 

14 

14 

• 72 

9CLP  SUPPUCO  INOU6TBY 

«*M 

ON 

Laed  Oround  Now  Development 

CoNL 

1.7 

2 

2 

188 

toss 

ON 

mo 

3jS 

3 

2 

180 

28 

384 

MM 

ON 

Load  Oround  Nont  OveoMpment 

MM 

• 

2 

2 

130 

21 

■04 

MM 

ON 

Lood  Oround  NoNr  Development 

MM 

10 

4 

4 

3S0 

40 

1.108 

MLP  SUPPUCO  INOUSTBY  ALTCBNATIVC  PLAN  TOTAL 

10 

10 

t tM 

8CL8CTCO  BASIN  PLAN  TOTAL  MIN 
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The  Alternative  Buin  Plan  calls  for  the  develop-  S19  million;  this  it  approximately  twice  that  of  the 
ment  of  surface  water  to  meet  all  future  needs  in  the  Selected  Plan  amounting  to  S 8 million.  Complete 

Olympia  urban  area.  This  includes  the  Lacey  and  cost  and  income  data  for  the  Alternative  Plan  can  be 

Tumwater  vicinities.  found  in  Table  9-13. 

Three  surface  water  sources  which  were  re  com-  The  storage  and  distribution  costs  will  be  the 

mended  to  the  City  of  Olympia  are  of  adequate  same  for  the  Selected  and  Alternative  Plans.  This  cost 

quality  and  quantity  as  supply  sources.  All  require  information  is  shown  in  Tables  2-12  and  2-13  the 

extensive  source  development,  quality  assurance  or  Selected  and  Alternative  Plans, 
treatment,  and  transmission  in  comparison  to  ground  Surface  and  ground  water  supplies  can  be 

water  sources.  economically  utilized  by  self-supplied  industry  and 

These  are:  (1)  Deschutes  River;  (2)  Nisqually  rural-individual  or  small  community  effort  water 

River;  and  (3)  the  South  Fork  of  the  Skokomish  systems,  such  as  wells  and  small  surface  diversions 
River.  and  package  treatment  plants;  90  percent  of  this 

The  Deschutes  River  near  Shellrock  Ridge  was  coming  from  ground  water  sources.  The  major  means 

chosen  as  the  most  feasible  location  for  a develop-  are  to  enlarge  the  present  pumping,  treatment  and 

ment.  distribution  systems  to  handle  the  peak  water 

The  Alternative  Plan  is  estimated  to  cost  nearly  demands. 


TABLE  9-13.  M ft  I Water  Supply  Use  Planning  Present  to  year  2020  Alternate  Basin  Plan  NtaquaHy-Doachutas 


Table  9-11,  Summary  of  Projected  Water 
Needs,  shows  the  level  of  need  to  2020  from  all 
sources. 

FINANCE 

Annual  income  as  taken  from  Table  2-12  and 
2-13  for  the  Selected  and  Alternative  Plans  indicates 
the  amount  of  money  available  to  apply  for  bond 
service  (approximately  20  percent  of  the  total  annual 
income). 

The  following  figures  indicate  the  monies  avail- 
able for  bond  service  and  the  capital  expenditures 
amortized  for  30  years  at  5%  for  the  Selected  and 
Alternative  Plans. 


\ 

\ 

\ 

\ 

v 

\ 

\ 

\ 

\ 

\ 

Annual  Bond  Service  AntKial  Amortized 

Available  (x  $1,000)  Cost  <x  $1,000) 


Year 

Selected  Alternate 
Plan  Plan 

Selected  Alternate 
Plan  Plan 

1965 

156 

125 

79 

209 

1980 

506 

484 

126 

207 

2000 

995 

524 

421 

458 

2020 

1,605 

1,468 

638 

611 

Costs  as  indicated  by  the  Engineering  News 
Record  Index  are  presently  doubling  every  IS  years. 
It  is  projected  that  the  immediate  bond  service 
requirements  and  those  after  1980  will  be  met  by 
income  and  construction  of  water  supply  develop- 
ments but  will  not  involve  excessive  financial  burden 
or  rate  increases. 


WEST  SOUND  BASINS 

INTRODUCTION 


The  West  Sound  Basins,  Figure  10*1 , comprise 
nearly  2,022  square  miles  of  land  and  water  lying 
between  the  centerline  of  the  main  channel  of  Puget 
Sound  and  the  crest  of  the  Olympic  Mountains,  and  is 
bounded  on  the  north  by  the  Strait  of  Juan  de  Fuca 
and  by  Budd  Inlet  on  the  south. 


the  northern  pan  of  the  basin  is  the  result  of  a rain 
shadow  effect  caused  by  the  Olympic  Mountains. 
This  rain  shadow,  however,  has  little  effect  in  the 
southern  part  of  the  basin. 

POPULATION 


GEOGRAPHY 

The  West  Sound  Basins  are  divided  into  two  dis- 
tinct types  of  terrain:  rough,  mountainous  areas  in 
the  Olympic  Peninsula  west  of  Hood  Canal  and  the 
relatively  low,  flat  land  of  the  Kitsap  Peninsula  east 
of  Hood  Canal. 

The  Olympic  Peninsula  is  comprised  largely  of 
forested  foothills  and  mountains,  with  altitudes 
varying  from  sea  level  to  7,700  feet.  Conversely,  the 
Kitsap  Peninsula  is  basically  flat  to  undulating,  with 
hills  and  ridges  separated  by  valleys  and  marine 
embayments.  The  Green  Mountain-Gold  Mountain 
area  west  of  Bremerton  is  the  only  mountainous  ter- 
rain on  the  peninsula,  and  comprises  a small  group  of 
nigged  foothills  rising  as  much  as  1,761  feet  above  sea 
level.  The  extensive  shoreline  of  the  basin  is  indented 
with  numerous  bays,  coves,  and  harbors.  Many 
islands,  ranging  in  size  from  less  than  one  square  mile 
to  several  hundred  square  miles  dot  the  waters  of  the 
MSffl. 

The  western  portion  of  the  basin  lying  on  the 
Olympic  Peninsula  is  drained  by  a number  of  large, 
swift  streams,  largest  of  which  are  the  Skokomish, 
Hamma  Hamma,  Duckabush,  Dosewallips,  Big 
Quilcene,  and  Little  Quilcene  rivers. 

The  Kitsap  Peninsula  is  drained  by  426  separate 
stream  systems,  only  12  of  which  have  a drainage  area 
pester  than  10  square  miles.  Most  have  a drainage 
area  less  than  one  square  mile. 

CLIMATE 

The  basin  has  a characteristically  maritime 
climate,  typified  by  relatively  short,  cool,  dry 
summers  and  prolonged,  mild,  wet  winters.  Total 
annual  precipitation  varies  from  220  inches  in  the 
mountainous  western  portion  to  25  inches  in  the 
northern  part.  The  significantly  lesser  precipitation  in 


The  Basins  are  estimated  to  have  a population 
of  about  128,000  in  1965.  The  major  population 
oenter  is  Bremerton,  with  a population  of  36,170.  An 
additional  30,000  persons  reside  in  the  surrounding 
metropoliatn  area.  The  other  cities  and  towns  have 
populations  of  less  than  6,000  persons  each. 

ECONOMY 

Bremerton  is  the  center  of  commerce  for  the 
basin.  The  Naval  Shipyard  at  Bremerton  (photo  10-1) 
is  the  second  largest  industrial  employer  in  the  Puget 
Sound  area.  Other  extensive  Naval  installations  in  the 
West  Sound  Batins  include  the  N aval  Torpedo  Station 
at  Keyport  and  the  Naval  Ammunition  Depot  and  the 
Pacific  Polaris  Missile  Facility  at  Bangor. 

Forest  product  industries  range  from  Crown 
Zellerbach's  pulp  and  paper  mill  at  Port  Townsend  to 
Christmas  tree  farms  near  Shelton.  The  focal  point  of 
tne  basin  logging  industry  is  Shelton,  where  a com- 
plex of  plants  controlled  by  the  Simpson  Timber 
Company  are  located. 

Agricultural  activities  are  the  third  largest  con- 
tributor to  basin  economy.  Dairy  farming  and  general 
livestock  raising,  with  some  specialty  crops,  are  the 
primary  agricultural  pursuits.  Numerous  small  dairy, 
poultry,  and  berry  farms  are  scattered  about  the 
uplands  and  creek  valleys,  and  an  important  growing 
industry  has  developed  on  Bain  bridge  Island. 

"Die  West  Sound  Basins  are  noted  for  its  oyster 
industry.  Both  Olympia  and  Pacific  oysters  ate  culti- 
vated and  harvested  on  “farms"  in  tidewater  inlets 
that  lace  the  basin.  Totten  Inlet  is  the  center  of  such 
production,  though  other  commercial  oyster  farms 
are  located  in  Oakland  Bay,  around  Hartstene  Island, 
at  the  head  of  Case  Inlet,  and  on  Hood  Canal. 

Tourism  and  outdoor  recreation  are  also 
assuming  an  important  role  in  the  basin  economy. 
The  construction  of  vacation  homes,  boating  fadli- 
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PHOTO  10-1.  Bremerton  is  the  major  metropolitan 
center  in  the  basin. 

ties,  and  the  development  of  new  resorts  and  tourist 
accommodations  are  adding  considerably  to  eco- 
nomic stability  and  growth  in  the  basin. 


LAND  USE 

Forestlands  make  up  about  90  percent  of  the 
total  acreage  in  the  basin.  Most  of  the  urban  buildup 
is  confined  along  the  shoreline  and  bays,  leaving  the 
area  inland  relatively  undeveloped.  Table  10-1  lists  a 
breakdown  of  land  use  in  the  basin. 


TABLE  10-1.  General  land  use. 


Use 

Acres 

Forestland 

1,124,000 

Cropland 

46,000 

Rangaland 

5.000 

Other  land  (high,  barren) 

64,000 

Urban  buildup 

42,000 

Inland  water 

13,000 

Total  land  and  Inland  water 

1,204,000 

Source:  Appendix  III,  Hydro  logy. 


PRESENT  STATUS 


Municipal  and  industrial  consumers  in  the  West 
Sound  Basins  are  at  present  adequately  supplied  with 
water  from  both  publically  and  privately  owned 
systems.  The  Bremerton  municipal  system,  largest  in 
the  Basin,  is  presently  capable  of  supplying  23  mgd  to 
meet  peak  transmission  rates  of  16  mgd. 

WATER  USE 

More  than  121,900  persons  and  numerous 
industries  in  the  West  Sound  Basins  presently  use  an 
average  of  49.2  million  gallons  of  water  per  day; 
industrial  users  account  for  more  than  69  percent  of 
this  total.  Table  10-2  lists  the  major  water  systems  in 
the  basin  and  breaks  down  the  municipal,  industrial, 
and  rural-individual  water  use  in  the  various  basin 


Municipal 

About  103,750  municipal  consumers  in  the 
Basin  use  an  average  of  14.4  mgd,  29  percent  of  total 
Basin  water  consumption.  The  basin-wide  pet  capita 
use  is  139  gpd.  More  than  42,000  municipal  con- 
sumers in  the  city  of  Bremerton,  largest  water  user  in 
the  Basin,  use  an  average  of  63  mgd,  a per  capita  use 


of  155  gpd.  Approximately  7,500  persons  in  Port 
Townsend  each  use  an  average  of  200  gpd,  a total  use 
of  1.5  mgd.  Nearly  38,000  residents  of  rural  com- 
munities such  as  Shelton,  Poulsbo,  Winslow,  and  Gig 
Harbor  use  an  average  of  4.4  mgd,  a per  capita  use  of 
115  gpd. 

Industrial 

Industrial  water  use  in  the  Basin  averages  more 
than  33  mgd,  69.3  percent  of  the  total  water  used  in 
the  basin.  The  pulp  and  paper  industry,  largest  single 
industrial  water  user  in  the  Basin,  uses  an  average  of 
29.7  mgd,  approximately  89  percent  of  the  water 
used  for  industrial  purposes  and  about  60  percent  of 
all  water  used  in  the  Basin.  The  Puget  Sound  Naval 
Shipyard  at  Bremerton,  second  largest  industrial 
water  user  in  the  Batin,  uses  2.9  mgd,  about  6 percent 
of  total  industrial  use.  the  remaining  1.0  mgd  is 
consumed  by  various  food  plants  and  the  lumber  and 
wood  and  stone,  clay,  and  glass  industries. 

RurM-lndivkhj«l 

More  than  18,150  rural-individual  consumers 
use  an  average  of  about  1.0  mgd,  a per  capita  use  of 
less  than  60  gpd. 
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TABLE  10-2.  Water  u«  (1966). 


Ground 


monthly 


MUNICIPAL  USE 

Bremerton  42,000 

Olympic  Gravity  Water  Syrtam  (Pt  Towmeend)  7 ,500 
Shelton  5,800 

*>rt  Orchard  5/100 

Poulabo  Water  Syaaam  1,700 

Winalow  Water  Supply  1.400 

Gig  Harbor  1,280 

Water  Diatrict  No.  19  1,100 

Othar  rural  eommunity  ayatama  37870 


103,750' 


putpoaea  ia  aupplied  from  both  aurfaoe  and  ground 
■ouroea,  though  turface  tourcei  wppiy  77  percent 
(37.9  mgd)  of  the  total  water  demand  in  the  barfn. 


f 
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Ground  water  is  drawn  from  seven  wells;  Union 
River,  Gorst  Creek,  Anderson  Creek,  and  several 
other  small  streams  provide  surface  water.  Cascade 
Dam  above  McKenna  Falls  diverts  water  from  the 
Union  River  through  pipelines  to  a settling  basin 
before  distribution.  At  the  present  time  (based  on 
196S  statistics),  the  system,  with  a firm  supply 
capacity  of  about  23  mgd  and  a transmission  capacity 
of  16  mgd,  supplies  Bremerton  average  water  require- 
ments of  6.5  mgd.  Acess  to  the  Bremerton  watershed 
is  carefully  controlled,  and  surface  water  supplied 
from  this  watershed  requires  treatment  only  with 
chlorine  and  ammonia  for  disinfection  and  control  of 
tastes  and  odors. 

Port  Orchard  obtains  its  water  from  four  arte- 
sian wells,  and  supplies  an  average  of  0.4  mgd  of 
untreated  water  to  about  5,000  persons. 

Port  Townsend  obtains  its  water  from  the  Big 
Quilcene  River.  This  system  supplies  an  average  of  1 .5 
mgd  to  about  7,500  persons. 

Most  of  the  remaining  water  systems  in  the 
basin  rely  on  ground  water  to  supply  about  4.5  mgd 
to  nearly  38,000  persons  in  the  rural  communities. 

Industrial 

Industries  located  at  Bremerton,  Port  Town- 
send, and  Shelton  are  supplied  by  the  respective 
municipal  water  systems.  Bremerton  supplies  industry 
with  2.90  mgd.  Several  industries  in  the  basin  have 
their  own  water  supplies. 

Pulp  ana  paper  mills,  located  in  Port  Townsend, 
draw  an  average  of  30  mgd  from  the  Port  Townsend 
water  system  and  self-supplied  sources. 

Rural-Individual 

An  estimated  18,150  persons  are  served  by 
individual  wells  or  springs. 

WATER  RIGHTS 

The  West  Sound  Basins  have  a total  of  2,145 
recorded  water  rights;  of  these,  1 ,787  are  surface  and 
358  are  ground  (1966-1967). 

Prime  surface  water  rights  have  been  issued  for 


a total  of  2,008  mgd.  On  a quantitative  basis,  the 
most  important  use  is  power  generation  with  a total 
rate  of  diversion  of  1 ,733  mgd.  Other  categories  and 
rates  of  diversion  are  municipal,  41  mgd;  commercial 
and  industrial,  60  mgd;  individual  and  community 
domestic,  73  mgd;  and  fish  propagation,  124  mgd. 
Supplemental  rigl  is  totaling  only  4 mgd  have  been 
granted  for  the  above  categories.  Storage  is  author- 
ized for  440,800  acre-feet. 

As  of  April  30,  1967,  applications  for  water 
rights  had  been  received  for  950  mgd  by  the 
Department  of  Water  Resources.  Applications  are 
pending  for  10,600  acre-feet  for  reservoir  storage  in 
the  basin.  , 

Due  to  critical  low-flows,  many  streams  in  the 
basin  are  either  closed  to  consumptive  diversion  or 
have  low-flow  restrictions  on  them. 

Ground  water  prime  right  diversion  amounts  to 
86  mgd,  with  supplemental  rights  totaling  0.8  mgd. 
Municipal  and  industrial  and  community  domestic 
require  the  largest  amounts  of  water  (43  mgd)  due  to 
the  many  small  community  systems.  Industrial  water 
appropriations  total  approximately  33  mgd.  The 
remaining  rights  fall  mainly  in  appropriations  for 
irrigation. 

Average  well  production  in  the  basin  is  0.2 
mgd;  however,  many  wells  produce  in  excess  of  1.4 
mgd  - one  reportedly  as  high  as  6.5  mgd.  Table  10-3 
shows  water  rights  in  the  basin. 

TABLE  10-3.  Municipal  8i  Industrial  water  rights. 


Indi- 
vidual Indus- 

and  trial 

com-  and 

Muni-  munlty  com- 

cipal  domes-  mercial 

Type  (mud)  tic  (mgdl  (mgd) 


Surface  water 

44.1 

76.7 

56.3 

Ground  water 

15.1 

40.7 

23.3 

-i— 

■ • - 

■■  ■■  — 

Total* 

59.2 

116.4 

82.6 

* About  1 JOB  mgd  in  additional  appro  pri  stive  rights 
have  been  granted  for  other  consumptive  uses  in 
the  basin. 


WATER  RESOURCES 


Both  surface  and  ground  waters  are  plentiful  in 
the  West  Sound  Basins  and  are,  in  general.of  excellent 
quality,  though  ground  water  sources  are  limited  in 


some  areas.  In  addition,  the  larger  surface  water 
sources  are  remote  from  the  urban  areas.  However, 
sufficient  supplies  are  available  on  the  more  urban 

• • • • '‘it  ‘•••.ill.  ' ’ . . 
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Kitsap  Peninsula  to  supply  present  and  anticipated 
requirements. 

SURFACE  WATER 

Surface  water,  which  supplies  77  percent  of  all 
water  used  in  the  basin,  is  plentiful  and  of  excellent 
quality,  but  the  major  concentrations  are  on  the 
Olympic  Peninsula  where  population  is  sparse  and 
major  development  in  the  future  is  unlikely.  The 
Bremerton  watershed  is  capable  of  providing  suffi- 
cient water  to  satisfy  present  needs  of  the  major 
urban  area. 

Quantity  Available 

Streams.  The  West  Sound  Basins  are  drained  by 
a number  of  rivers  and  creeks  that  empty  into  the 
waters  of  Puget  Sound.  The  Big  Quilcene, 
Dosewallips,  Duckabush,  Hamma  Hamma, 
Skokomish,  and  Tahuya  Rivers  are  of  major 
importance  to  the  water  resources  of  the  area.  The 
mean  annual  runoff  of  the  Dosewallips  River  adjusted 
to  the  period  1931  through  1960  is  47S  cfs.  Adjusted 
to  the  same  period,  the  mean  annual  runoff  of  the 
Duckabush  River,  measured  near  Brinnon,  is  407  cfs. 
The  mean  annual  runoff  of  the  Hamma  Hamma  River 
neat  Eldon  averaged  320.3  cfs  for  the  same  period. 
Streams  heading  in  the  Olympics  have  two  peak  flow 
periods:  one  during  high  winter  precipitation,  and  the 
other  during  the  spring  rains  and  snowmelt  period. 
Farther  to  the  south,  where  the  effect  of  the  rain 
shadow  is  less  pronounced,  the  winter  peak  becomes 
dominant,  and  the  two  seasonal  peaks  tend  to  merge 
into  one  long  period  of  high  flows. 

In  general,  minimum  monthly  flows  for  streams 
in  the  southern  portion  of  the  basin  occur  during  the 
months  of  August  and  September;  in  the  northern 
areas,  miminum  flows  extend  into  October. 

A low  flow  frequency  analysis  has  been  made 
by  the  USGS  for  22  discharge  stations  in  the  West 
Sound  Basins.  The  7-day  and  30-day  low  flows  that 
can  be  expected  to  occur  at  7 of  these  stations  for 
recurrence  intervals  of  S,  10,  and  20  yean  are  shown 
in  Table  10-4. 

Dams  and  Impoundments.  Flows  of  the  North 
Fork  of  the  Skokomish  River  have  been  regulated  by 
Lake  Cushman  since  192S.  This  reservoir  has  over 
453,000  acre-feet  storage  and  350000  acre-feet  of 
active  storage.  The  power  diversions  here  predude 
any  appreciable  discharge  in  the  North  Fork  of  the 
Skokomish  River  below  Cushman  No.  2 Dam.  This  is 
the  only  m^or  storage  reservoir  in  the  West  Sound 


TABLE  10-4.  Low-flow  frequency 


Discharge  station 

Recur- 

rence 

interval 

(years) 

7-day 

low- 

flow 

(cfs) 

30day 

low- 

flow 

(cfs) 

Little  Quilcene  River  near 

5 

8.40 

9.60 

Quilcene 

10 

7.30 

8.40 

20 

6.60 

7.50 

Dosewallips  River  near 

S 

114.00 

132.00 

Brinnon 

10 

106.00 

123.00 

20 

100.00 

118.00 

Duckabush  River  near 

5 

64.00 

79.00 

Brinnon 

10 

58.0 

70.00 

20 

53.00 

64.00 

Skokomish  River  near 

5 

160.00 

176.00 

Potlatch 

10 

151.00 

168.00 

20 

144.00 

160.00 

Union  River  near  Belfair 

S 

15.00 

16.00 

10 

14.00 

15.00 

20 

13.30 

14.00 

Gold  Creek  near  Bremerton 

5 

0.40 

0.46 

10 

0.36 

0.40 

20 

0.32 

0.36 

Goldsborough  Creek  near 

S 

17.30 

19.00 

Shelton 

10 

16.00 

17.80 

20 

15.20 

16.80 

Basins,  leaving  all  other  streams  essentially  in  an 
unregulated  state,  except  for  the  Union  River  at  the 
small  Casad  Dam. 


Quality 

The  West  Sound  Basins  contain  a number  of 
rivers  and  creeks  on  which  water  quality  measure- 
ments have  been  made.  Table  10-5  summarizes  water 
quality  data  gathered  since  early  1959  from  seven 
monitoring  stations  in  the  basin. 

Physical.  Stream  temperatures  in  the  basin  are 
significantly  low.  A maximum  summer  stream 
temperature  of  17.0°C  (62.6  °F)  was  recorded  on 
Goldsborough  Creek.  Records  from  other  stream 
gaging  stations  indicate  slightly  lower  maximums.  A 
maximum  temperature  of  15.6°C  (60.1°F)  was 
recorded  for  *he  Big  Quilcene  River  near  Quilcene. 

Smaller  streams  in  the  basin  particularly  on  the 
Kitsap  Peninsula,  are  appreciably  colored  at  times. 
The  color  is  attributed  largely  to  organic  materials 
from  swamps  and  poorly  drained  marshy  areas.  Maxi- 
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TABLE  10-S.  Surface  water  quality 
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26 

26 

26 

26 

26 

12 

26 

26 

26 

76 

2% 

24 

26 

24 12 

26 

26 

10 

24 

24 

23 

26 

26 

n 

CHICO  CREEK  NEAR  BREMERTON 

NOVEMBER  1964  THROUGH  SEPTEMBER  1966 

Maximum 

... 

64 

95 

3.5 

3.4 

08 

50 

0 

36 

3.0 

0 1 

2 7 

91 

008 

— 

15  0 

Ott  001 

77 

20 

TT 

173 

106 

106 

38 

2 

2,400 

Maan 

_ 

51 

7 5 

27 

30 

04 

37 

0 

28 

19 

0 1 

10 

73 

004 

— 

11  3 

0 10  0.01 

— 

— 

— 

13.7 

102 

102 

30 

0 

1.743 

Minimum 

“ 

36 

18 

5.7 

18 

1.7 

18 

20 

18 

0.0 

18 

24 

18 

0 

18 

04 

18 

0.6 

»8 

00 

18 

00 

18 

49 

001 

8 

• 0 
18 

0 06  0 01 

• 1 

69 

18 

0 

18 

0 

8 

11.8 

3 

99 

3 

97 

3 

20 

18 

0 

18 

430 

3 

GOLDSBOROUGH  CREEK  NEAR  SHELTON  NOVEMBER  1964  THROUGH  SEPTEMBER  1966 

Maximum 

178 

320 

14  0 

4.7 

07 

150 

0 

110 

67 

02 

1 1 

255 

013 

19  0 

086  0 07 

82 

90 

20 

17  0 

12.5 

110 

136 

8 

4.600 

Maan 

— 

99 

170 

69 

36 

04 

81 

0 

59 

32 

0 1 

06 

149 

006 

— 

149 

0 33  0 01 

— 

— 

— 

10  4 

105 

96 

71 

4 

878 

Minimum 

~ 

40 

4.8 

1 8 

2.0 

0.1 

21 

0 

24 

15 

00 

03 

49 

000 

~ 

1.2 

0.17  0 00 

68 

20 

0 

45 

83 

84 

20 

0 

36 

Numtoei 

24 

24 

24 

24 

24 

74 

24 

24 

24 

74 

74 

74 

17 

- 

74 

17  3 

74 

21 

12 

23 

23 

22 

24 

24 

23 

mum  color  values  of  90  and  20  units  have  been 
recorded  on  Goldsborough  and  Chico  Creeks,  respec- 
tively. 

Suspended  sediment  concentrations  for  most 
streams  in  the  West  Sound  Basins  are  relatively  low. 
Sediment  data  collected  from  the  Skokomish  River 
near  Potlatch  during  1965  and  1966  indicate  an 
average  yearly  transported  sediment  load  of  about 

100.000  tons.  However,  it  transports  as  much  as 

40.000  tons  per  day  when  the  mean  daily  discharge 
exceeds  10,000  cfs.  Sediment  data  for  the  Dose- 
wallips,  Duckabush,  and  Hamma  Hamma  Rivers 
indicate  a much  lower  average  annual  transported 
sediment  load  of  about  4,000  tons. 

Turbidity  is  generally  low  throughout  the 
Basin.  Usually,  turbidity  for  the  principal  water 
courses  is  less  than  10  JTU,  although  maximums  of 
80  and  70  JTU  have  been  recorded  for  the  Dosewal- 
lips  and  Skokomish  Rivers,  respectively. 

Chemical.  For  the  most  part,  waters  in  the 
basin  are  soft,  with  average  hardness  values  recorded 
at  the  seven  stations  ranging  from  0 to  63.2  mg/1. 


Dissolved  solids  concentrations  are  small,  ranging 
from  31.0  rng/1  to  175  mg/1.  Slightly  greater  concen- 
trations of  dissolved  solids  are  found  in  Goldsborough 
Creek,  with  a recorded  maximum  of  1 70  mg/1.  Iron 
concentrations  are  low.  Averages  range  from  0.06  to 
0.33  mg/1,  and  a maximum  of  2.90  mg/1  was  recorded 
per  the  Skokomish  River  near  Potlatch. 

All  the  streams  within  the  basin  have  high 
dissolved  oxygen  concentrations  with  averages 
ranging  from  10.2  to  12.0  mg/1. 

Bacteriological.  Samples  taken  from  the  Dose- 
wallips  and  Duckabush  Rivers  near  Brinnon,  the  Big 
Quilcene  River  near  Quilcene,  the  Hamma  Hamma 
River  at  Eldon,  and  the  Skokomish  River  near  Pot- 
latch indicate  very  low  median  coliform  concentra- 
tions. Maximum  coliform  concentrations  at  these 
stations  are  also  relatively  low,  the  highest  recorded 
concentration  being  430  MPN.  Higher  coliform 
concentrations  are  observed  on  Goldsborough  Creek 
at  Shelton  and  Chico  Creek  near  Bremerton.  Maxi- 
mum MPN’s  of  4,600  and  2,400  coliforms/100  ml 
were  recorded  on  Goldsborough  Creek  and  Chico 
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Creek,  respectively.  Although  data  is  not  available  for 
the  Sound  waters  at  Bremerton,  it  is  believed  that  the 
Puget  Sound  Naval  Shipyard  contributes  enough  raw 
sanitary  waste  to  the  waters  to  adversely  affect  their 
bacteriological  quality. 


GROUND  WATER 
Quantity  Available 

Ground  water  supplies  are  plentiful  in  the  West 
Sound  Basins,  but  vary  greatly  in  quantity  available 
between  areas  of  differing  geological  structure.  Water 
yields  on  the  Olympic  Peninsula  range  from  a maxi- 
mum recorded  4,1 60  gpm  from  a well  near  Shelton  to 
less  than  10  gpm  for  wells  in  the  Olympic  National 
Park.  Well  yields  as  high  as  720  gpm  are  reported  in 
the  northern  lowlands  of  the  Olympic  Peninsula,  and 
pumping  rates  of  200  gpm  or  more  are  common. 
Water  yields  in  the  southern  lowlands  are  con- 
siderably greater,  some  wells  approaching  1 ,500  gpm. 
Wells  in  the  northern  lowlands  of  the  Kitsap 


Peninsula,  however,  are  likely  to  have  very  low  yields. 

Practically  all  recharge  to  the  basin  aquifers  is 
from  precipitation,  with  the  southern  lowlands 
receiving  about  120,000  acre-feet  of  recharge  per 
year.  The  natural  discharge  of  ground  water  is  mostly 
into  the  larger  streams  or  directly  into  Puget  Sound 
through  springs. 

Quality 

Limited  quality  data  are  available  for  ground 
waters  of  the  West  Sound  Basins.  The  concentration 
of  dissolved  solids  normally  ranges  from  100  to  200 
mg/ 1 , and  hardness  ranges  between  50  and  1 00  mg/ 1 . 
In  some  of  the  shoreline  areas,  where  aquifers  may 
contain  traces  of  seawater,  concentrations  of  dis- 
solved solids  may  exceed  200  mg/1 . Nutrient  concen- 
trations are  generally  high  with  phosphate  concentra- 
tions averaging  about  0.5  to  0.8  mg/1  and  nitrates 
averaging  1 to  2 mg/1.  Higher  values  of  these 
parameters  have  been  recorded,  as  shown  in  Table 
10-6.  Although  most  wells  exhibit  traces  of  iron,  it  is 
seldom  found  in  excess  of  0.3  mg/1 . 


PRESENT  AND  FUTURE  NEEDS 

Future  growth  and  development  of  the  West  Presently,  Port  Orchard  obtains  water  from 

Sound  Basins  will  require  an  adequate  water  supply  artesian  wells.  Total  flow  is  2.6  mgd  (1,845  gpm), 

and  orderly  planning  and  development  of  water  with  total  available  of  3.3  mgd  by  pumping.  This 

distribution  facilities  to  serve  domestic,  industrial,  supply  is  adequate  to  1980.  All  demands  are 

commercial,  and  firefighting  needs.  With  about  90  furnished  from  resources  developed  in  the  1960s. 

percent  of  the  basin  presently  undeveloped,  several  Sustained  yields  of  5 mgd  are  estimated  to  be  possible 

factors  indicate  that  a period  of  rapid  growth  is  at  from  the  entire  productive  artesian  zone, 
hand.  Principally,  these  are:  (1)  desirability  of  the  Water  for  Poulsbo  presently  comes  from  three 

area  for  residential  development,  (2)  extensive  springs,  with  a firm  supply  of  0.8  mgd.  The  town  can 

waterfront  areas,  (3)  the  impact  of  the  Tacoma  acquire  no  further  water  rights  near  its  springs,  but 

Narrows,  Fox  Island,  and  Hood  Canal  Bridges,  (4)  extensive  and  adequate  ground  water  recharge  and 

development  of  the  Tacoma  Industrial  Airport,  and  potentially  productive  areas  are  available  just  east  of 

(5)  expansion  in  paper  and  allied  industries  and  food  Poulsbo  in  the  Lincoln  area  and  in  the 

'srocessing.  Bangor-Silverdale  area. 

Except  for  Bremerton,  which  has  a dam  and  Bain  bridge  Island  lacks  productive  quantities  of 

reservoir  on  the  Union  River,  the  basin  has  depended  water.  To  date,  aquifers  tapped  produce  only  small 

mainly  on  ground  water  from  wells,  springs,  and  quantities.  Winslow,  unable  to  develop  large-capacity 

artesian  wells.  The  Bremerton  Water  Department  also  wells,  must  rely  on  many  low-producing  wells  and 

draws  water  from  wells,  and  the  city  has  further  augment  peak  demands  with  water  from  a stream 

surface  water  availability  on  the  Tahuya,  and  Hamma  over  which  the  town  has  no  control.  The  difficulty  of 

Hamms  Rivers  and  Jefferson  Creek  (existing  50  eft  finding  even  small  quantities  of  ground  water  in  the 

right).  Bremerton’s  future  needs  include  the  need  to  Fort  Ward  area  is  rejected  in  the  extensively  large 

acquire  and  control  watershed  land  to  ensure  high-  reservoirs  used  to  store  water  from  surface  sources, 

quality  water.  An  adequate  supply  of  good-quality  water  after  1980 

u 
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TABLE  10-6.  Ground  water  quality. 


1 


l 

i 


i 


State  of  Waahington 

30/3W-25C1 

12/16/50 

52 

17 

1.70" 

7.3 

0.9 

300.0 

0.8 

0.2 

0.22 

778 

22 

1420 

8.0 

Kenneth  Lake 

22/1-12D2 

10/4/60 

50 

38 

0.00 

12.0 

1.6 

19.0 

2.6 

0.1 

0.27 

120 

36 

161 

8.3 

A.  Steiner 

22/1-12R2 

10/4/60 

68 

18 

0.03 

16.0 

IS 

11.0 

0.9 

4S 

0.04 

100 

46 

161 

6.3 

SunnyUope  Water 

Development  Co. 

23/1-7D1 

3/2/61 

40 

25 

0.01 

9.0 

4.6 

3.7 

0.6 

0.1 

0.11 

68 

41 

99 

8.0 

J.P.  Noble 

23/2-2L3 

10/4/60 

54 

33 

0.06 

16.0 

8S 

7S 

2.1 

0.1 

0.43 

120 

74 

176 

8.1 

Eugane  Logan 

24/1W-36P1 

10/4/60 

40 

21 

1.30“ 

7.0 

2.7 

2.8 

0.4 

4.0 

0.02 

60 

29 

74 

7.0 

City  of  Port  Orchard 
(walla) 

24/1-26M1 

3/3/61 

40 

36 

0.04 

18.0 

3.6 

5.6 

1.4 

0.1 

0.34 

106 

60 

142 

8.4 

City  of  Bremerton  (wall  6) 

24/1-33K6 

12/16/59 

54 

31 

0.01 

16.0 

2.6 

6.9 

1.7 

0.0 

0.38 

101 

48 

129 

8.3 

W.  L.  Cheney 

24/2-33H1 

2/28/61 

51 

38 

0.06 

15.0 

2.2 

17.0 

2.0 

0.1 

0S1 

119 

46 

168 

8.5 

B.  P.  Bide 

26/1-23K 

2/28/61 

47 

20 

3.30" 

10.0 

6.1 

4.7 

0.4 

1.4 

0.08 

81 

50 

121 

6S 

Baatter-Wycoff  Co.  (wall  31 

26/2-36H3 

10/5/60 

53 

26 

0.041 d 
2.30“ 

20.0 

12.0 

18.0 

2.0 

0.1 

0.19 

164 

100 

264 

8.2 

H.  1.  Foe* 

28/2-36M2 

2/27/61 

50 

28 

11.0 

12.0 

7.5 

0.6 

6.3 

0.11 

114 

77 

184 

7.4 

U.S.  Government 
(US.  Army) 

26/1-10L 

3/24/58 

40 

27 

0.01 

9.0 

6.6 

3.6 

1.1 

6.1 

„ 

86 

50 

118 

7.4 

E.  Bowman 

26/1-13J1 

2/28/61 

48 

24 

0.16 

8.0 

4.0 

4.0 

0.4 

10.0 

0.11 

70 

36 

101 

7.6 

US.  Government 
(US.  Navy  well  1) 

26/1-36P1 

10/5/80 

53 

33 

0.24 

28.0 

5.3 

20.0 

1.9 

3.4 

2.10 

182 

92 

274 

7.6 

State  of  Waahington 

27/2-26N1 

2/27/61 

52 

38 

0.15 

14.0 

9.2 

16.0 

3.2 

0.1 

0.82 

149 

73 

213 

8.1 

E.D.  Buyer 

28/2-3SM2 

2/27/61 

40 

31 

0.04 

7.6 

11.0 

7.6 

2.5 

0.9 

0.26 

128 

82 

200 

7S 

Simpaon  Ptywood  Co. 

20/3W-20E 

5/24/60 

58 

16 

0.00 

3.6 

0.0 

30.0 

0.1 

0.0 

0S1 

102 

8 

147 

9.1 

Port  of  Shelton 

6/24/60 

40 

17 

0.03 

6.0 

1.6 

2.1 

0.0 

0.0 

0.04 

48 

22- 

54 

6.7 

* Location  coda  it  the  lead  dwcrlpdon  of  the  tit*  o<  the  wail  or.  in  torn*  cane,  apt  ing. 

For  exempt#,  27/2-26N2  indicat#*  townehip  27.  rang#  2 aaat  (range  watt  would  be 
indieatad  by  2W),  aaction  26.  SO-acr#  plot  N,  and  the  aacond  wall  (2)  in  that  plot 
(a  tetter  a after  the  numeral  would  indicate  a apring). 

bft*ddue  after  evaporation  at  190^  (36hPf). 

cMicromhoa  at  26°C  (77°F).  , 

*ToUl  Iron  concentration.  Allvaluaa  not  noted  rap  recant  Iron  in  aolution  at  the  time 
the  cample  waa  collected. 

Source:  GROUND  WATER  IN  WASHINGTON,  ITS  CHEMICAL  AND  PHYSICAL  QUALITY, 
Waeer  Supply  Bulletin  No.  24.  Waahington  State  Department  of  Conaarvetion. 


will  depend  on  aouroei  in  other  areas.  The  most 
suitable  approach  would  be  to  develop  ground 
sources  in  the  vicinity  of  Brownsville  (directly  west  of 
the  center  of  Bain  bridge  Island)  or,  alternatively,  to 
obtain  water  from  Bremerton. 

Supply  requirements  for  the  northern  portion 
of  the  Kitsap  Peninsula,  north  of  Foulsbo,  are 
presently  served  by  numerous  water  systems  along 
the  shoreline.  Kingston  is  the  only  community  with 
adequate  ground  water  supplies.  Other  community 
systems  must  rely  on  surface  water  from  uncontrolled 
watersheds  for  primary  or  standby  supply.  Because 
no  evidence  has  been  found  of  productive  aquifers, 
and  excessive  amounts  of  iron  and  salt  water 
infiltration  have  resulted  from  pumping,  facilities  to 
transport  water  from  outside  the  area  are  needed. 


Western  Kitsap  Peninsula,  extending  south  from 
Bangor  on  Hood  Canal  to  the  southern  limit  of  the 
basin  in  the  Henderson  Bay-Can  Inlet  area,  has  been 
served  by  shallow  ground  water  supplies  and  small 
surface  sources.  The  extent  to  which  ground  water 
supplies  can  be  developed  from  deeper,  more 
productive  aquifers  can  be  determined  only  by 
extensive  geophysical  prospecting. 

The  Gig  Harbor  Peninsula  lies  in  the 
southeastern  part  of  the  basin  near  the  Tacoma  urban 
complex.  Demand  for  industrial  land,  which  is  not 
expected  to  be  extensive,  will  likely  be  in  the  town  of 
Gig  Harbor  and  in  the  area  adjacent  to  the  Tacoma 
Industrial  Airport.  Except  for  shoreline  areas,  less 
than  10  percent  of  the  peninsula  is  developed. 
Population  growth  has  been  slow,  with  summer 
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homes  predominating.  However,  the  growth  potential 
of  the  area  appears  to  exceed  the  capability  of  ground 
water  supplies  by  1985.  After  that,  a pipeline  across 
the  Narrows  Bridge  could  supply  8 mgd  from  _ 

Tacoma,  and  development  of  a surface  water  supply  § 
in  Huge  Creek  could  furnish  10  mgd.  ~ 

Development  of  regional  surface  supplies  for  J 
the  entire  Kitsap  Peninsula  is  likely  limited  to  Gold  2 
Creek  (a  tributary  of  the  Tahuya  River),  Huge  Creek,  5 
and  connection  to  Tacoma  Water  Department  sup*  g 
plies.  Gold  Creek,  about  8 miles  west  of  Bremerton,  is  2 
well  situated  to  supply  most  of  the  section  along 
Hood  Canal.  Lilliwaup  and  Lost  Creeks  could  not  be 
used  in  lieu  of  Gold  Creek  if  they  are  to  serve  as  a 
primary  source  of  transport  water  to  other  areas  of 
the  peninsula. 

Rural-individual  and  rural  community  systems 

in  the  sparsely  settled  southern  and  western  areas  of  FIGURE  10-2.  Projected  population  growth, 
the  Kitsap  Peninsula  are  apparently  in  an  extensive 
and  productive  ground  water  zone  sufficient  for 
present  and  projected  future  needs. 

The  West  Sound  communities  of  Shelton  and 
Port  Townsend  serve  municipal  and  industrial  systems 
adequately  in  areas  of  high  precipitation  and  stream 
flow.  The  only  major  effort  needed  will  be  to  develop 
facilities  to  handle  increased  demand. 


YEAR 


the  pulp  and  paper  industry  will  account  for  more 
than  55  percent  of  all  value  added  by  major 
water-using  industries. 


PROJECTED  WATER  REQUIREMENTS 

Total  water  requirements  in  the  basin  are 
expected  to  reach  182  mgd  by  the  year  2020.  This  is 
an  increase  of  more  than  370  percent  over  present 
requirements.  Surface  water  sources  see  expected  to 
supply  70  percent  of  the  projected  water  needs. 
Tables  10-7,  10-8,  and  10-9  itemize  projected  water 
use  in  1980,  2000  and  2020,  respectively.  Table 
10-10  summarizes  water  use  from  the  present  through 
2020. 


PROJECTED  POPULATION  GROWTH 

Figure  10-2  shows  projected  population  growth 
in  the  West  Sound  Basins  from  1965  through  the  year 
2020.  The  1965  population  (121,900)  will  increase 
about  43  percent  to  175,000  by  1980,  about  125 
percent  to  274,100  by  the  year  2000,  and  about  254 
percent  to  432,700  by  2020.  Mott  of  the  increase  is 
expected  in  and  around  the  urban  Bremerton-Port 
Orchard  area,  on  the  Gig  Harbor  Peninsula,  on 
Bainbridge  Island,  and  in  and  around  Port  Townsend. 


PROJECTED  INDUSTRIAL  GROWTH 

Production  growth  of  the  major  water-using 
industries  in  the  basin  is  projected  to  increase  by  260 
percent  between  1965  and  2020  in  terms  of  value 
added.  As  shown  in  figure  10-3,  the  paper  and  allied 
industries  and  food  processing  industries  will  pre- 
dominate by  the  year  2020.  These  industries  will  then 
account  for  nearly  all  the  total  value  added  by  major 
water-using  industries. 

Lumber  and  wood  production  is  projected  to 
decrease  slightly  through  2020.  Timber  usage  will 
shift  to  the  manufacture  of  pulp  and  paper.  By  2020, 


FIGURE  10-3.  Rotative  production  growth  for  major 
water -using  industries. 


TABLE  10-7.  Projected  water  use  (1980). 


Estimated  Surface  water  usage  (mod)  Ground  water  usage  (mod) 

population  Average  Maximum  Average  Maximum 

System  served  dally  monthly  daily  monthly 


MUNICIPAL  USE 

Bremerton 

70,000 

12.00* 

16.80 

1.30 

1.80 

Port  Townsend 

12,000 

2.30 

3.20 

— 

— 

Shelton 

12,000 

— 

— 

2.30 

3.20 

Port  Orchard 

10.000 

— 

— 

1.90 

2.70 

Poutabo,  Winslow,  Gig  Harbor, 
and  other  rural  community 

systems 

44,800 

0.80" 

1.10 

7.70 

10.80 

Subtotal 

148.800 

16.10 

21.10 

ia20 

18.50 

RURAL-INDIVIDUAL  USE 

26,200 

— 

— 

1.80c 

2.80 

INDUSTRIAL  USE 
Bremerton 

Naval  Shipyard  — 3.50  3.80  0.50  0.60 

Port  Townsend 

Food  and  kindred d — 0.02  0.03®  — — 

Paper  and  allied  - 27.00  30.00*  - - 

Shelton 


Lumber  and  wood 

— 

— 

— 

0.36 

0.38* 

Paper  and  alliad 

- 

0.10 

0.11* 

Saif -supplied: 

Paper  and  alliad 

- 

27.00 

30.00* 

3.50 

3.80 

Lumber  and  wood 

— 

0.70 

0.80* 

_ 



Food  and  kindred 

- 

— 

— 

0.03 

0.04 

Stone,  day.  glass 

- 

0.07 

0.07 

- 

- 

Subtotal 

— 

58.30 

64.70 

4.50 

4.90 

Total* 

175,000 

73.40 

85.80 

19.50 

26.00 

i 


'Estimated  90%  to  be  served  by  surface  sources  in  1980, 95%  in  2000,  and  2020. 

^Osasd  on  1986  breakdown-10%  surface  water  estimated  for  1980-2020. 

cBased  on  TOgpod  and  100%  rural  Individual  population  served  by  ground  water  by  1980. 

^Production  levels  projected  to  be  167%  of  present  level  by  1980,  336%  by  2000,  and 
720%  by  2020.  Water  uae  projected  to  be  160%  of  present  by  1980, 300%  by  2000, 
560%  by  2020. 

*160%  of  average. 

*110%  of  average. 

•Figures  we  rounded. 
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TABLE  10-8.  Projected  water  uae  (2000) 


Eadmilad. 

UMoa  (mgd) 

Ground  watar 

utaea  (mod) 

Svatam 

wrvad 

AMrap 

daily 

Maximum 

monthly 

Avtraga 

dally 

Maximum 

monthly 

MUNICIPAL  USE 

Bremerton 

116.700 

22.00* 

31  DO 

2.40 

3.40 

Port  Townend 

26  ,000 

5.30 

7.40 

— 

— 

Shelton 

25,000 

— 

— 

5.30 

7.40 

Port  Orchard 

16,000 

- 

— 

3.20 

4.50 

PouHbo,  Window.  0%  Harbor, 
and  other  rural  community 

aynarra 

66.000 

1.60“ 

2.10 

12  DO 

16.80 

wwwma 

■ 

Subtotal 

246.700 

28.80 

40.50 

22.90 

32.10 

RURAL-INDIVIDUAL  USE 

27.400 

- 

- 

2.60  c 

3.50 

INDUSTRIAL  USE 
Bftwartoo 

Naval  Shipyard 

— 

6.00 

5.50 

1.00 

1.20 

ron  lownuna 

Food  and  kindrad” 

— 

0.03 

0.04* 

— 

— 

Papar  and  alHad 

- 

36.00 

40.0</ 

— 

— 

Shelton 

Lumbar  and  aood 

- 

— 

~ 

0.36 

o.se! 

Paper  and  allied 

- 

- 

- 

0.20 

0.22 

5W»  MJppiMO. 

Paper  and  aMiad 

- 

36.00 

40.0(7 

6.00 

5.50f 

Lumbar  and  wood 

- 

0.70 

0JM1 

— 

— 

rood  ana  Kmarao 

- 

— 

— 

0.06 

0.09 

Stone,  ciey,  daw 

- 

0.06 

0.08 

- 

- 

Subtotal 

- 

77  M 

86.40 

6.80 

7.40 

Total9 

274,100 

106.60 

126.90 

32.00 

43.00 

TABLE  10-9.  Projected  water  uee  (2020). 


1 

1 

! 

, 

System 

Estimated 

population 

tarved 

Surface  water  usage  (mod) 

Ground  water 

usage  (mgd) 

Average  Maximum 

daily  monthly 

Average  " 

daily 

Maximum 

monthly 

i 

MUNICIPAL  USE 

I 

Bremerton 

106,500 

36.00* 

49.00 

4.00 

6.80 

I 

Port  Townsend 

40,000 

9.20 

12.90 

- 

— 

i 

Shelton 

40,000 

- 

- 

9.20 

12.90 

* 

' f 

Port  Orchard 

20,000 

- 

- 

4.60 

6.40 

Poulsbo,  Winaiow,  Gig  Harbor,  and 

other  rural  community  systems 

120,000 

2.80  b 

3.90 

26.00 

36.00 

Subtotal 

389,500 

47.00 

66.80 

42.80 

68.90 

RURAL-INDIVIDUAL  USE 

43,200 

- 

- 

4.80  c 

6.70 

i 

INDUSTRIAL  USE 

Bremerton 

Naval  Shipyard 

— 

7.00 

7.50 

1.50 

1.80 

Port  Townsend 

Food  and  kindred d 

— 

0.06 

0.09* 

— 

— 

Paper  and  allied 

- 

36.00 

40.00f 

— 

— 

Shelton 

4 

Lumber  and  wood 

— 

— 

— 

0.36 

0.38* 

Paper  and  allied 

- 

- 

- 

0.20 

0.22* 

\ 

Self -supplied: 

r-* 

1 

Paper  and  allied 

— 

36.00 

40.00* 

5.00 

6.60* 

>! 

Lumber  and  wood 

— 

0.70 

0.80* 

— 

— 

Food  and  kindred 

— 

— 

— 

0.11 

0.16 

Stone,  day.  glaas 

- 

0.19 

0.19 

- 

- 

Subtotal 

- 

79.96 

88.60 

7.20 

7.90 

Total9 

432,700 

127.00 

164.40 

54.80 

74.60 

Municipal 

Municipal  water  requirements,  presently 
averaging  14.4  mgd  annually,  are  expected  to  reach 
28.3  mgd  by  1980, 5 1 .7  mgd  in  2000,  and  90  mgd  by 
2020.  By  the  year  2020,  municipal  water  needs  will 
have  risen  from  30  percent  of  total  water 
requirements  to  SO  percent.  Per  capita  usage  is 
expected  to  increase  from  148  gpd  at  present  to  190 
gpd  in  1980,  202  gpd  in  2000,  and  230  gpd  in  2020. 
The  greatest  needs  will  be  evident  in  the  Kitsap 
Peninsula  area  and,  particularly,  on  Bainbridge  Island, 
if  a cross-sound  bridge  provides  adequate  commuter 
means. 


Industrial 

Projections  of  industrial  requirements  indicate 
that  industries  will  continue  to  require  a lesser 
percentage  of  the  total  needs  in  the  basin,  although 
needs  will  increase  from  33.8  mgd  at  present  to  87.2 
mgd  by  2020.  Industrial  demand  will  be  greatest  in 
the  pulp  and  paper  industries  at  Shelton  and  Port 
Townsend. 

Rural- Individual 

By  the  year  2020,  rural-individual  needs  are 
expected  to  be  4.8  mgd,  or  less  than  3 percent  of  the 
total  projected  water  needs  in  the  basin.  This 
percentage  shows  little  change  from  present  needs. 


MEANS  TO  SATISFY  NEEDS 


GENERAL 

The  projected  annual  water  use  is  expected  to 
reach  177  mgd  by  the  year  2020.  This  is  an  increase 
of  approximately  128  mgd  over  the  1965  average  use. 
Optimum  or  peak  water  requirements  will  be  approxi- 
mately two  times  this  average  or  nearly  350  mgd. 
Tables  2-10  or  2-11,  the  Area  Plans,  summarize  the 
basins’  annual  average  and  optimum  requirement  in 
relation  to  the  remainder  of  the  Area.  Table  10-11, 
MAI  Water  Supply  Needs,  reviews  the  needs  of  the 
major  water  systems  and/or  users  in  the  basin. 

Bremerton,  Port  Townsend,  and  Shelton  are 
and  will  continue  to  be  the  centers  of  commerce  and 
urban  development  in  the  West  Sound  Basins.  Togeth- 
er these  three  communities  supply  half  the  people 
and  the  municipally-supplied  industry  with  50  per- 
cent of  the  water  used.  The  remaining  50  percent  is 
consumed  by  smaller  community  systems  and  self- 
supplied  industry,  evenly. 

The  city  of  Bremerton’s  water  system  is,  in  all 
respects,  the  largest  and  most  important  in  the  Basin. 
If  fully  utilized,  the  available  firm  water  supply  could 
furnish  100  mgd,  adequate  for  projected  needs  of  the 
city  and  contiguous  area  past  the  year  2020.  In 
addition  to  its  Caaad  Dam  and  reservoir  on  the  Union 
River,  and  its  wells,  the  city  has  further  surface  water 
availability  on  the  Tahuya  and  Hamms  Hamma 
Rivers. 


Port  Townsend  receives  its  water  from  the  Big 
Quilcene  River.  The  present  gravity  system  is  supply- 
ing 17  mgd,  and  can  be  further  developed  to  meet 
future  needs.  This  water  is  of  sufficient  quality  to  not 
require  treatment.  The  Crown  Zellerbach  plant  near 
Port  Townsend  is  and  will  continue  to  be  self-sup- 
plied. 

Shelton,  using  ground  water,  develops  adequate 
supplies  which  with  continued  development  of  this 
source  will  be  capable  of  meeting  all  future  demands 
through  2020. 

The  remaining  communities  currently  have 
adequate  supplies  to  meet  existing  needs.  However, 
some  areas  are  notably  short  on  future  water  supplies. 
These  are  Bainbridge  Island  and  areas  on  the  northern 
part  of  the  Kitsap  Peninsula. 

The  optimum  requirement,  350  mgd,  is  within 
the  potential  of  the  basin  without  conflict  over 
withdrawals.  No  need  for  water  from  outside  the 
basin  is  apparent.  Urban  growth,  if  it  becomes  intense 
enough,  will  bring  about  sufficient  population  density 
to  make  a county  service  or  regional  (PUD)  water 
supply  and  transminion  system  feasible. 

Future  population  growth  will  be  extremely 
dependent  upon  future  land  use,  highway  and  trans- 
portation routes  and  bridges,  and  not  upon  water 
supplies. 

Table  10-11  shows  present  and  future  needs 
within  the  West  Sound  Basins  for  the  major  water 
distribution  systems 


TABLE  10-11.  M&l  Water  Supply-Capital  Improvements 
West  Sound  Basins 


1965-1960 


1980-2000 


2000-2020 


Population  Served 
BREMERTON 


116.700 


169,500 


Optimum 

30.9 

50.6 

83.7 

121.1 

Coital  Improvements 

7.9 

19.7 

33.1 

37.4 

Population  Served 

7,500 

12.000 

25.000 

40.000 

PORT  TOWNSEND 

Optimum 

20.2 

37.9 

56.5 

66.5 

Capital  Improvements 

3.5 

17.7 

18.6 

10.0 

Population  Served 

5,800 

12,000 

25.000 

40.000 

SHELTON 

Optimum 

4.5 

8.5 

17.1 

27.0 

Capital  Improvements 

2.8 

4.0 

8.6 

12.9 

Population  Served 

6,600 

10,000 

16.000 

20.000 

PORT  ORCHARD 

Optimum 

&3 

6.6 

9.9 

13.2 

Capital  Improvements 

2.9 

3.3 

3.3 

3.3 

Papulation  Served 

43,540 

44.800 

66,000 

120.000 

SMALL  A RURAL 
COMMUNITY  SYSTEMS 

Optimum 

28.6 

29.6 

42.7 

79.2 

Capital  Improvements 

23.6 

1.0 

13.1 

36.5 

Papulation  Served 

-n  _ 

_ 

SELF  SUPPLIED  INDUSTRY 

Optimum 

27.2 

34.7 

46.4 

46.7 

Capital  Improvements 

10.5 

7.6 

11.7 

0.3 

Papulation  Served 

104,440 

148JB00 

246.700 

389.500 

TOTAL 

61 

63 

88 

100 

BASIN  PLANS 

The  Selected  Basin  Plans  for  the  West  Sound 
Basins  (Table  10-12)  indicate  future  development  will 
be  along  the  lines  of  existing  systems.  This  continued 
development  calls  for  the  use  of  surface  water  by 
Bremerton  and  Port  Townsend,  and  local  ground 
water  developments  by  Shelton,  Port  Orchard  and  the 
remaining  small  and  rural  community  systems.  Table 
10-12  includes  a timetable  of  projected  develop- 
ments, coat  of  development  and  maintenance  and 
operation  plus  expected  annual  income. 

Storage  and  distribution  costs,  baaed  on  popu- 
lation powth,  win  be  the  tame  for  the  Basin  Selected 
and  Alternative  Plans.  These  costs  for  the  West  Sound 
Basins,  as  well  aa  for  the  remaining  ten  basins,  are 
shown  in  the  Area  Selected  and  Alternative  Plans, 
Tablet  2-10  and  2-1 1 , respectively. 


Much  of  the  West  Sound  Basins  lacks  only  the 
important  and  necessary  facilities  of  more  urban  areas 
to  attract  population  and  experience  a moderate 
growth.  Urban  growth,  if  it  becomes  intense  enough, 
will  bring  about  sufficient  population  density  to 
make  a county  service  or  regional  water  and  trans- 
mission system  feasible. 

The  Alternative  Basin  Plan  has  outlined  some- 
what of  a regional  service  area  to  supply  much  of  the 
southern  part  of  the  basin.  This  would  happen  if  the 
Water  Division,  City  of  Tacoma,  the  PUD  of  a county 
or  counties  develops  a surface  water  source  on  the 
South  Fork  of  the  Skokomish  River.  This  would 
supply  water  to  Shelton,  acrom  the  south  part  of  the 
basin  to  the  Port  Orchard  vicinity,  then  across  the 
Narrows  Bridge  to  Tacoma. 


TABLE  10-12.  M A I Water  Supply  Ute  Planning -Pratant  to  yaar  2020  Salacted  Batin  Plan  Watt  Sound  Batins 


TABLE  10-13.  M & I Watar  Supply  Uaa  Planning -Praiant  to  yoar  2020  A hamate  Borin  Plan  Wait  Sound  Bari  ns 


OPTIMUM 

CAPACITY 


Wtr  Utt 

MQO  Supply  Trar 


1967 

THOUSAND  DOLLARS 

AMORTIZED  MAINTENANCE 

CAPITAL  COSTb  AND  OPEW. 

Supply  A Tract  Iron  Pumping 

Trentm  mtnt  Removal  Power  Chen 


Union  Rarer  Corel  Creak,  etc. 

• Ouckatou*  Rarer  Oaremon  Oam 
{No  Storage! 


I960  SIN  Ducfcahu*  New  Stores  Oam  A Aawruoir  m% 

3000  SIN  (Above  Oivtraion)  ^600 

2030  SW  7.060  sc  ft  2010 

BREMERTON  ALTERNATIVE  PLAN  TOTAL 

PORT  TOWNSEND 

(Same  aa  Selected  Plan) 

SHELTON 

Pteaent  GW  Local  Ground  Water  tumt 

Preaent  GW  Local  Ground  Water  ADD  2Sn*d  M 

I960  SW  * Skokomnh  Rarer  f m 

3000  SW  Skokomdh  River 

2030  SW  SkokomMi  River  20^ 

SHELTON  ALTERNATIVE  PLAN  TOTAL 
PORT  ORCHARO 


Preaent 

GW 

GW 

Local  Ground  Water 

Local  Ground  Watar  ADD:  3.0mgd 

Extt. 

1966 

ISM 

SW 

*Purchatt  from  Taoom 

a Water  Dapartmant 

19M 

3000 

SW 

PurcfiBN  from  Tacom 

a Water  Department 

2000 

3020 

SW 

Purchate  from  T acorn 

a Water  Department 

2020 

PORT  ORCHARD  ALTERNATIVE  PLAN  TOTAL 


POULSAO  A OTHER  RURAL  COMMUNTIIES 
(Same  AeSetactwf  Plan) 


SELF  SUPPLIED  INOUSTRV 


ALTERNATIVE  BASIN  PLAN  TOTAL 


123  SI4.0M 


*30 

16 

234 

620 

29 

346 

1.170 

63 

701 

1JM 

103 

1.168 

S3.610 

1M 

4 

47 

390 

340 

21 

234 

390 

247 

34 

360 

494 

248 

48 

584 

S 1.464 

S 736 

S3. 189 

k 


Some  of  the  northern  systems  will  combine  as 
population  density  increases.  The  Plan  calls  for 
Bremerton  to  develop  a new  source  on  the  Duck- 
abush  River  across  Hood  Canal.  Port  Townsend  will 
continue  serving  its  consumers  with  fresh  water  from 
the  Big  Quilcene  River. 

Supply  and  transmission  and  storage  and  dis- 
tribution costs  for  the  Alternative  Basin  Plans  are 
shown  in  Tables  10-13  and  2-1 1 , respectively. 

Surface  and  ground  water  supplies  can  be 
economically  utilized  by  rural-individual  or  small 
community  effort  water  systems,  such  as  wells  and 
small  surface  diversions  and  package  treatment  plants. 
The  major  means  are  to  enlarge  the  present  pumping, 
treatment  and  distribution  systems  to  handle  the 
peak  water  demands. 

Table  10-11,  Summary  of  Projected  Water 
Needs,  shows  the  level  of  need  to  2020  from  all 
sources. 

FINANCE 

Annual  income  as  taken  from  Tables  2-10  and 
2-1 1 for  the  Selected  Alternative  Plans  indicates  the 
amount  of  money  available  to  apply  for  bond  service 


! 


(approximately  20  percent  of  the  total  annual  in- 
come). 

The  following  figures  indicate  the  monies  avail- 
able for  bond  service  and  the  capital  expenditures 
amortized  for  30  years  at  5%  for  the  Selected  and 
Alternative  Plans. 


Annual  Amortized 
Cost  (x  $1,000) 


Annual  Bond  Service 

Selected 

Alternative 

Year  Available  (x  $1,000) 

Plan 

Plan 

1965  $810 

$360 

$380 

1980  1,450 

740 

1,000 

2000  2,070 

1,470 

1,280 

2020  3,100 

I960 

1,770 

Costs  as  indicated  by 

the  Engineering  News 

Record  Index  are  presently  doubling  every  IS  years. 
It  is  projected  that  by  1980  or  sooner  the  West  Sound 
Basins  may  be  unable  to  bond  for  the  required  water 
supply  development,  and  future  construction  would 
involve  extraordinary  financial  burden  in  relation  to 
the  Basin’s  economic  resources  unless  water  rates  are 
raised. 


MtTISH  COlUMHA 
WASHINGTON 


US.  FOUST  SERVICE 
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Figure  II— I Land  Ownerriiip 


ELWHA-DUNGENESS  BASINS 

INTRODUCTION 


The  Elwha-Dungeness  Basins,  westernmost  basin 
in  the  Puget  Sound  Area,  is  located  in  Clallam  and 
Jefferson  Counties  on  the  northern  side  of  the 
Olympic  Peninsula.  (See  figure  11-1.)  The  basin  is 
bounded  on  the  north  by  the  Strait  of  Juan  de  Fuca, 
on  the  west  by  *he  crest  of  the  Olympic  Mountain 
Range,  and  on  the  southeast  by  the  West  Sound 
basin.  The  basin  encompasses  Port  Angeles,  the  major 
city  in  the  basin,  and  the  rather  thickly  populated 
Sequim  and  Dungeness  communities. 

Population  and  industrial  growth  of  the  basin 
has  been  gradual  and  fairly  steady  over  the  past 
century,  and  this  trend  can  be  expected  to  continue 
past  the  year  2000.  The  available  fresh  water  supply 
should  be  adequate  through  that  time. 

GEOGRAPHY 

The  basin  is  characterized  by  nigged  mountains 
(photo  11-1),  alpine  meadows,  and  rain  forests  of  the 
Olympic  range,  sloping  northward  to  shelf-like  plains 
2 to  6 miles  wide,  and  ending  at  the  south  shores  of 
the  Strait  of  Juan  de  Fuca. 

The  major  water  courses  of  the  basin  are  the 
Elwha  River  and  the  Dungeness  River.  The  Elwha 
River,  about  40  miles  long  from  its  headwaters  near 
Mount  Olympus  to  its  outlet  in  the  strait,  drains  the 
western  portion  of  the  basin.  The  eastern  portion  is 
drained  by  the  Dungeness  River.  This  river,  about  30 
miles  long,  is  glacier-fed,  with  headwaters  between 
Mount  Deception  (7,788  feet)  and  Mount  Constance 
(7,743  feet).  It  runs  into  the  strait  near  the  town  of 
Dungeness.  The  area  between  these  two  major  rivers 
is  drained  by  many  short,  swift  streams,  the  major 
one  of  which  is  Morse  Creek. 

There  are  three  major  lakes  in  the  Elwha- 
Dungeness:  Lake  Sutherland  (361  acres)  and  two 
man-made  reservoirs.  Lake  AMweD  (321  acres)  and 
Lake  Mills  (4S1  acres).  The  remaining  basin  lake  areas 
(approximately  265  acres)  are  composed  of  numerous 
small  lakes  in  the  lowlands  and  cradles  in  the  alpine 
areas. 


CLIMATE 

As  can  be  expected  in  all  areas  adjacent  to  a 
large  body  of  water  and  having  extremes  of  elevation, 
the  basin  has  a wide  range  of  temperatures  and  rain- 
fall. The  low-lying  populated  areas  along  the  coast 
have  a mild  climate  with  a fairly  narrow  temperature 
range.  Ground  fog  is  common  to  areas  next  to  the 
strait.  Because  of  the  so-called  Olympia  rain  shadow, 
the  basins  have  a wide  range  of  annual  rainfall. 
Average  annual  precipitation  in  the  Sequim- 
Dungeness  area,  about  75  percent  of  which  falls 
during  October  through  March,  is  approximately  17 
inches,  and  may  reach  240  inches  a year  in  the  higher 
mountains.  Rainfall  in  the  basin  averages  77  inches 
per  year,  but  is  significantly  less  in  the  lowlands. 
Thus,  while  the  southern  part  of  the  basin  is  one  of 
the  wettest  places  in  the  United  States,  the  area  in  the 
rain  shadow  is  aemiarid  and  requires  extensive  irriga- 
tion for  crops  and  pastureland. 


POPULATION 

About  28,500  persons  live  in  the  Elwha- 
Dungeness  Basins.  The  two  major  population  centers 
are  Port  Angeles,  with  15,700  persons  in  1965  and 
Sequim  with  1 ,400  persons.  Most  settlement  has 
occurred  along  the  narrow  coastal  area,  while  the 
more  rugged  and  inaccessible  southern  part  remains 
barren  of  people.  In  addition  to  population  growth 
engendered  by  industrial  growth,  retirement  popula- 
tion is  expected  to  increase  steadily  for  the  next  50 
yvm. 

ECONOMY 

The  economy  of  the  basin  is  based  primarily  on 
manufacturing,  government,  trade,  and  agriculture. 
Paper  and  pulp  production  is  the  mainstay  of  basin 
economy.  Lumber  and  pulp  mills  at  Port  Angeles  and 
wwmiDa  at  Sequim  sustain  the  local  economy  and 
provide  seasonal  employment  for  many  part-time 
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PHOTO  11-1.  The  northern  gateway  into  the 
Olympic  Mountains  is  in  the  Elwha-Dungeness  basin. 


farmers.  The  average  monthly  employment  for 
Clallam  County  in  1963  showed: 


Agriculture 

800 

Mining 

0 

Construction 

256 

Manufacturing 

3,100 

Transportation,  communication, 

and  utilities 

280 

Trade  (wholesale  and 

retail) 

1,300 

Finance  (insurance  and 

real  estate) 

175 

Service 

685 

Government 

1,500 

Not  classified 

70 

Port  Angeles,  the  Clallam  County  seat,  has  56 
manufacturing  firms,  principal  products  of  which  are 
lumber,  newsprint,  rayon,  pulp,  fiberboard  products, 
shakes,  and  shingles.  The  excellent  harbor  formed  by 
Ediz  Hook  provides  facilities  for  loading  and 
unloading  coastal  and  ocean-going  freighters.  Log 
exports,  mainly  to  Japan,  are  increasing,  and  the  Port 
Angeles  Port  Authority  is  doing  more  business  each 
year. 

The  Sequim-Dungeness  area  is  devoted  chiefly 
to  agricultural  activities.  Lots  of  sunshine,  an  absence 
of  destructive  winds,  and  a lengthy  growing  season 
make  this  area  agriculturally  favorable.  Extensive  irri- 
gation has  made  this  one  of  the  richest  dairy  centers 
in  the  State.  Dairying  and  livestock  are  the  primary 
farm  enterprises,  but  some  crops  are  grown.  Hay  and 
pasture  crops,  grain,  berries,  and  seed  crops  make  up 
the  major  land  use  of  the  irrigable  areas.  Dairying, 
livestock,  and  field  crops  account  for  over  three- 
fourths  of  all  farm  products  sold  annually. 

Tourism  is  the  fastest  growing  industry  in  the 
basin  because  of  the  wide  variety  of  scenic  and  recrea- 
tional areas.  Olympic  National  Park  vies  with  Mount 
Rainier  National  Park  as  a tourist  attraction  and 
recreational  area.  Many  tourists  pass  through  the 
basin  on  their  way  around  the  scenic  peninsula  drive. 
Others  use  Port  Angeles  as  a jumping  off  place  on 
their  way  to  Victoria,  B.C.  This  tourist  trade  has 
encouraged  the  building  of  numerous  business  estab- 
lishments for  furnishing  services  and  consumer  goods 
to  tourists. 

The  Sequim-Dungeness  area,  because  of  its 
mild,  rain-free  climate  and  its  reasonable  proximity  to 
the  Seattle  metropolitan  area,  has  attracted  an 
increasing  number  of  people  at  retirement  age,  and  is 
expanding  the  permanent  population  of  the  basin. 
This  buildup  brings  with  it  the  need  for  more  service 
and  supply  industries. 

LAND  USE 

The  Elwha-Dungeness  Basins  contain  448,000 
acres  of  land  and  inland  water.  Forest  lands  predom- 
inate, accounting  for  85  percent  of  the  total  land. 
Most  of  this  acreage  lies  in  the  southern  mountainous 
part,  which  is  under  Federal  ownership  (Olympic 
National  Park  and  Olympic  National  Forest).  Land 


cleared  for  crops  or  pasture  comprises  the  second 
largest  land  area  in  the  Basin.  A appreciable  amount 
of  acreage,  about  4 percent,  is  converting  to  urban 
buildup  where  densities  in  excess  of  three  houses  per 
10  acres  occur.  The  land  use  of  the  Basin  is  given  in 
Table  1 1-1. 


TABLE  11-1.  General  land  use. 


Us* 

Acres 

Forsstland 

400,000 

Cropland 

24,000 

Rangeland 

2,000 

Other  land  (high,  barren) 

6.000 

Urban  buildup 

6,000 

Inland  water 

2.000 

Total  land  and  inland  watsr 

448.000 

Source:  Appendix  III,  Hydrology. 


PRESENT  STATUS 


WATER  USE 

Total  municipal  and  industrial  water  use  in  the 
basin  amounts  to  more  than  64  million  gallons  per 
day.  This  withdrawal  of  water  from  rivers,  streams, 
springs,  and  wells  in  the  basin  serves  a population  of 
28,500  persons.  Water  use  is  summarized  in  Table 
11-2. 

Municipal 

More  than  18,000  municipal  consumers  in  the 
basin  use  an  average  of  46.2  mgd,  7 percent  of  total 
water  use  in  the  basin,  and  an  average  per  capita  use 
of  2S6  gpd.  Some  15,700  municipal  consumers  in 
Port  Angeles  use  about  3.8  mgd,  an  average  per  capita 
use  of  242  gpd,  and  account  for  nearly  82  percent  of 
total  daily  municipal  water  use.  The  more  than  2,500 
—..nu-ifi  consumers  in  Sequim  and  other  rural  com- 
munities use  an  average  of  0.84  mgd,  a per  capita  use 
of  nearly  340  gpd. 

Industrial 

Industry  uses  more  than  90  percent  of  all  water 
used  in  the  basin.  Three  pulp  mills  in  Port  Angeles  use 
an  average  of  more  than  50  mgd.  The  Rayonier 
Incorporated  pulp  plant,  largest  industrial  consumer 
in  the  basin,  uses  an  average  of  35.7  mgd,  more  than 
60  percent  of  the  industrial  water  and  55  percent  of 
all  water  used  in  the  basin.  The  second  largest 
industrial  user  is  the  Crown  Zellerbach  pulp  mill 
which  uses  some  18  mgd.  The  Fiberboard  Corpora- 
tion pulp  mill  uses  an  average  of  5.0  mgd. 


Rural-Individual 

An  estimated  10,500  rural  consumers  use  an 
average  of  0.55  mgd,  a per  capita  use  of  slightly  less 
than  55  gpd  representing  less  than  1 percent  of  total 
basin  water  use. 

WATER  SUPPLIES 

The  Elwha  and  Dungeness  Rivers  plus 
numerous  creeks,  springs,  and  wells  currently  supply 
municipalities,  industry,  individuals,  private  water 
companies,  public  utility  districts,  and  water  associa- 
tions. Both  surface  and  ground  waters  are  used  to 
meet  the  average  daily  requirement  of  64.3  million 
gallons.  Ground  water  furnishes  0.5  mgd. 

Municipal 

The  city  of  Port  Angeles  obtains  water  for 
its  municipal  supply  from  Morse  Creek.  The  system 
consists  of  a simple  diversion  dam,  which  currently 
supplies  t)ae  city  with  3.80  million  gallons  daily,  but 
is  capabjfc  of  supplying  a peak  demand  of  8.10  mgd;  it 
serves  a population  of  15,700  and,  periodically,  one 
industry.  The  water  is  disinfected  for  domestic  use. 
Figure  11-2  shows  water  use  from  1952  to  1966. 

The  average  municipal  monthly  demand  profile 
for  Port  Angeles  from  1961  through  1966  is  shown 
on  figure  11-3.  The  summer  months,  as  expected, 
have  the  biggest  demand. 

Sequim  obtains  its  domestic  water  from  an 
infiltration  gallery  adjacent  to  the  Dungeness  River. 
The  average  needs  supplied  by  this  system  total  0.75 
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TABLE  11-2.  Water  use  (1985). 


Estimated 

Surface  mater  usage  (mgd) 

Ground  mater  usaoe 

(mgd) 

System 

population 

served 

Average 

daily 

Maximum 

monthly 

Maximum 

daily 

Average 

daily 

Maximum 

monthly 

Maximum 

daily 

MUNICIPAL  USE 

Port  Angeles 

15,700 

3.78 

7.10 

11.00 

— 

— 

— 

Hoke  Waterwell 

560 

0.06 

0.10 

0.14 

— 

— 

— 

Saquim 

1,400 

0.75 

1.00 

1.60 

— 

— 

— 

Rural  community  systems 

340 

0.01 

0.01 

0.01 

0.03 

0.04 

0.06 

Subtotal 

is.ooo'’ 

4.59 

8.21 

12.66 

0.03 

0.04 

0.06 

RURAL-INDIVIDUAL  USE 

10,500 

0.05  s 

0.07 

0.10 

0.50s 

0.70 

1.00 

INDUSTRIAL  WATER  USE 

Municipally  supplied: 

Port  Angeles 

Paper  and  allied  (fibraboard) 

020 

2.10 

2.50 

— 

— 

— 

(Crown  Z.) 

0.09 

0.10 

0.10 

— 

— 

— 

(Rayonier) 

0.17 

0.20 

0.20 

- 

- 

- 

Self -supplied: 

Paper  and  allied 

58.70 

62.50 

66.00 

— 

— 

— 

Fibraboard 

(5.00) 

(5.60) 

(6.001 

— 

— 

— 

Crown  ZeNerbach 

(18.00) 

(19.00) 

(20.00) 

— 

— 

— 

Rayonier 

(36.70) 

(38.00) 

(40.00) 

- 

- 

- 

Subtotal 

59.16 

64.90 

68.80 

- 

- 

- 

Total 

28,500 

6390 

73.20 

81.60 

0.60 

0.70 

1.10 

sBaaed  on  55  gpcd  and  90  peroent  of  rural  individual  population  served  by  ground  mater. 

b Estimated  population  served  is  not  the  population  of  the  incorporated  area  of  the  city  but  is  that  population  (sum  of 
permanent  and  seasonal)  from  Table  2-7  which  determines  the  "average  rating"  for  each  basin.  This  population  has  been 
included  in  the  nearest  municipal  system  tinea  the  municipality  it  often  the  mater  supplier  for  the  smaller  adioining  mater 
distribution  system. 


mgd,  which  serve  a population  of  1 ,400  persons.  The 
site  is  owned  by  the  city,  it  free  of  nearby  sources  of 
pollution,  and  the  supply  is  chlorinated  prior  to 
delivery.  Capacity  of  the  present  source  development 
is  0.9  mgd  which  is  more  than  adequate  for  present 
needs. 

More  than  340  persons  are  served  by  several 
rural  community  systems  which  supply  about  0.04 
mgd.  Approximately  0.01  mgd  are  supplied  from 
ground  sources;  the  remainder  is  supplied  from  sur- 
face sources. 

Industrial 

A 70-inch  industrial  water  line  constructed  by 
the  dty  of  Port  Angeles  in  1929  to  divert  water  from 


the  Elwha  River  furnishes  59  mgd  to  the  Crown 
Zellerbach  Fiberboard  Corporation,  and  I.T.T.  Ray- 
onier  Incorporated  pulp  mills.  The  facility  is  owned 
by  the  city  of  Port  Angeles  but  is  operated  and 
maintained  by  the  industries.  Although  the  line  was 
constructed  to  relieve  industrial  demands  on  the 
municipal  system,  the  Fiberboard  Corporation  pulp 
mill  draws  an  average  of  0.50  mgd  from  the  municipal 
system  when  waters  of  the  Elwha  are  unsatisfactory 
for  its  use.  Although  average  annual  demand  by  this 
industry  is  0.50  mgd,  most  ot  the  water  is  used  during 
the  winter  months  when  waters  of  the  Elwha  are  tur- 
bid, which  reflects  a somewhat  higher  municipal  use 
during  December  and  January  than  would  be 
expected  for  purely  municipal  consumption. 
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FIGURE  11-2.  Port  Angeles  water  consumption. 

Rural-IndividiMl 

An  estimated  10,500  persons  are  served  by 
about  3,700  rural-individual  systems.  Most  of  these 
systems  (95  percent)  are  supplied  by  ground  waters 
that  are  generally  satisfactory  in  sanitary  quality. 
Approximately  200  systems  use  surface  supplies, 
which  for  the  most  part  are  unsatisfactory. 

WATER  RIGHTS 

Surface  water  rights  in  the  Elwha-Dungeness 
Basins  (through  December  31,  1965)  for  municipal, 
industrial,  and  domestic  water  supply  and  irrigation 
purposes,  are  summarized  in  Table  1 1-3.  Water  rights 
include  applications  for  diversions  totaling  over 
1,047.67  cfs  (677  mgd).  Temporary  permits  have 
been  granted  to  nine  of  these  applicants  in  the 
amount  of  2.24  cfs  (MS  mgd).  Sixty  certified  or 
permanent  water  rights  have  been  issued  for  approxi- 
mately 994.51  cfs  (634  mgd). 


JFMAMJJASOND 


MONTH 

FIGURE  11-3.  Port  Angeles  water  use  profile. 


TABLE  1 1-3.  Municipal  & Industrial  water  rights. 


Type 

Muni- 

cipal 

(mgd) 

Indi- 
vidual 
and 
com- 
munity 
domes- 
tic (mgd) 

Indus- 

trial 

and 

com- 

mercial 

(mgd) 

Approprlativa: 

Surface  water 

20.2 

9.6 

122.8 

Groundwater 

1.0 

8.7 

0.3 

Subtotal* 

21.2 

18.2 

123.1 

Adjudicmd 



374.1 

- 

Total 

21.2 

382.3 

123.1 

* About  448  mgd  In  additional  approprlativa  rights  have 


baan  granted  for  other  consumptive  uses  In  the 
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Water  rights  in  the  Elwha  River  drainage  total 
996.75  cfs.  The  largest  water  right  holders  are  the 
city  of  Port  Angeles  and  Northwestern  Power  and 
Light.  The  city  of  Port  Angeles  has  one  right  of  1 50 
cfs  (82  mgd)  for  use  in  several  industrial  plants.  The 
Northwestern  Power  and  Light  Company  has  water 
rights  to  divert  800  cfs  to  generate  power. 


Water  rights  in  the  Dungeness  River  drainage 
total  50.92  cfs.  The  Dungeness  Irrigation  District  has 
a right  to  10  cfs  on  Hurd  Creek,  a small  tributary  to 
the  Dungeness  River.  Two  water  rights  totaling  over 
28  cfs  are  held  by  the  Washington  State  Department 
of  Fisheries  for  fish  propagation. 


WATER  RESOURCES 


SURFACE  WATER 
Quantity  Available 

Streams  The  Elwha  and  Dungeness  Rivers  are 
the  primary  water  resources  in  the  basin.  Between 
these  two  river  basins  are  Morse  Creek  and  several 
smaller  streams  that  drain  a 198  square  mile  area. 
Runoff  is  supplied  by  snowpacks  and  rainfall  origi- 
nating in  the  high  mountain  ranges.  Runoff  for  the 
entire  area  is  about  45  inches  annually. 

From  1931  through  1960,  annual  discharge  of 
the  Elwha  River  recorded  at  McDonald  Bridge  near 
Port  Angeles,  averaged  1,500  cfs.  Variations  in  annual 
runoff  in  this  same  period  included  a low  of  859  cfs 
during  the  1944  water  year,  and  a high  of  2,050  cfs 
during  the  1954  water  year. 

The  Dungeness  River  has  less  than  half  the 
volume  runoff  of  the  Elwha,  which  reflects  its  lower 
elevation  and  location  in  the  rain  shadow  of  the 
Olympic  Peninsula.  Records  for  the  Dungeness  show 
an  annual  average  discharge  of  about  382  cfs  during 
the  30-year  period  from  193 1 through  1960.  The 
minimum  recorded  discharge  at  the  USGS  stream 
gage  near  Sequim  was  200  cfs  during  the  1944  water 
year,  and  the  maximum  was  549  cfs  in  1954. 

These  two  rivers  share  similar  seasonal  runoff 
variations.  Flows  in  both  the  Elwha  and  Dungeness 
peak  during  the  winter  period  of  high  precipitation, 
and  again  in  late  spring  or  early  summer  under  a 
combination  of  spring  rains  and  snowmelt.  Generally, 
the  greatest  monthly  flows  occur  in  May  and  June. 
By  contrast,  winter  flows  are  more  variable  and  are 
often  characterized  by  sharp  rises  caused  by  storms. 

Both  the  Elwha  and  Dungeness  exhibit  mini- 
mum flows  during  the  summer  when  precipitation  is 
least  and  snowpacks  are  depleted.  Following  the 
spring  rains  and  the  snowmelt  peak,  streamflow 
recedes  to  minimum  base  flow,  usually  by  the  end  of 
September.  All  of  the  smaller  tributaries  to  the  Strait 


of  Juan  de  Fuca  such  as  Morse,  Siebert,  and 
McDonald  Creeks,  have  extremely  low  flows  during 
the  summer  because  their  watersheds  store  little  snow 
and  receive  only  small  amount*  of  precipitation. 

A low-flow  frequency  analysis  has  been  made 
of  the  Elwha  and  the  Dungeness  Rivers  based  on  the 
18-year  period  from  April  1,  1946  to  March  31, 
1964.  The  7-day  and  30-day  low  flows  that  may  be 
expected  to  occur  on  these  rivers  for  recurrence  inter- 
vals of  5, 10,  and  20  years  are  shown  in  Table  1 1 -4. 


TABLE  11-4.  Low-flow  frequency. 


Discharge  station 

Recur- 

rence 

interval 

(years) 

7-dey 

low 

flow 

(eft) 

30*toy 

low 

flow 

(eft) 

EKwfta  River  at  McDonald 

6 

340 

415 

Bridge  near  Port  Angela* 

10 

300 

375 

20 

260 

340 

Dungtneas  River  near  Sequim 

5 

104 

120 

10 

96 

108 

20 

88 

101 

Dams  and  Impoundments.  There  are  two  dams 
and  storage  reservoirs  on  the  Elwha  River.  This  river 
has  been  partly  regulated  at  Lake  Aldwell  since  191 1 
and  at  G lines  Canyon  Dam  (Lake  Mills)  since  1927. 
These  two  private  power  developments  have  a com- 
bined total  storage  of  69,000  acre-feet.  Their  com- 
bined active  storage  of  29,000  acre-feet  is  used 
primarily  to  meet  power  demands,  but  some  storage 
is  used  to  augment  low  flows  for  flsh  enhancement 
No  reservoir  exists  on  the  Dungeness  River. 

Lakes.  The  total  amount  of  storage  in  lakes  and 
glaciers  in  the  basins  is  not  known,  but  the  total  sur- 
face area  covered  by  water  bodies  is  about  2.2  square 
miles,  of  which  about  1.6  square  miles  comprise  regu- 
lated waterbodies. 
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Quality 

The  quality  of  surface  water  in  the  Elwha- 
Dungeness  Basins  is  excellent  in  virtually  all  respects. 
(See  table  1 1-5.)  The  major  rivers  and  streams  in  this 
basin  flow  the  greater  part  of  their  length  through  a 
natural  sanctuary,  Olympic  National  Park.  Outdoor 
recreation  is  the  principal  use  of  the  undeveloped 
watersheds. 

Water  quality  of  the  Elwha  and  Dungeness 
Rivers  has  been  measured  for  9 years  on  a monthly 
basis  from  July  1959  to  July  1960,  and  then 
quarterly  thereafter  to  1966.  The  following  data  were 
gathered  from  monitoring  stations  located  on  the 
Elwha  at  McDonald  Bridge  near  Port  Angeles  and  on 
the  Dungeness  near  Sequim. 

Physical.  Maximum  temperatures  of  both  the 
Elwha  and  Dungeness  is  generally  low  in  comparison 
to  other  streams  in  the  Puget  Sound  Area.  Tempera- 
tures on  the  Elwha  have  reached  a maximum 
recorded  value  of  only  1 5.5°  C (59.9°F).  A maximum 
of  16.1°C  (61°  F)  has  been  recorded  on  the  Dunge- 
ness River.  The  Elwha  is  generally  1°  to  4°F  warmer 
than  the  Dungeness  during  most  months.  This  warmer 
temperature  may  be  in  part  attributed  to  the 
stabilizing  effects  of  Lake  Mills. 

The  lower  maximum  temperature  of  these  two 
streams  is  caused  by  the  predominantly  high  altitude 
and  northern  latitude  of  their  watersheds.  These 
streams  are  also  among  the  few  in  the  Puget  Sound 
Area  that  are  north-south  oriented,  and  thus  are  less 
subject  to  wanning  by  the  sun. 

Except  during  high-runoff  periods,  the  Elwha 
and  Dungeness  Rivers  run  clear.  Usually,  the  turbidity 
for  the  Elwha  is  12  and  the  Dungeness  7 JTU.  A 
maximum  turbidity  of  6S  JTU  for  the  Dungeness  and 
60  JTU  for  the  Elwha  was  recorded.  These  two 

TABLE  11-5.  Surface  water  quality. 


streams  are  generally  free  from  suspended  sediment. 
Color  values  range  from  0-1 5 units  for  the  Dungeness 
and  0-10  units  for  the  Elwha.  The  average  color  value 
for  both  rivers  is  well  below  the  recognized  standard 
of  15  for  drinking  water. 

The  Elwha  River  transports  about  25,000  tons 
of  sediment  during  a year  of  normal  streamflow.  In 
contrast,  the  Dungeness  River  transports  less  than 
1 ,000  tons  of  sediment  in  an  average  year.  Suspended 
sediment  concentration  in  most  streams  of  the  basin 
is  usually  less  than  20  mg/1. 

Chemical.  Concentrations  of  total  dissolved 
solids  in  the  riven  and  streams  rarely  exceed  85  mg/1. 
The  Elwha  and  Dungeness  riven  and  their  major 
tributaries  are  swift-flowing  streams,  and  dissolved 
oxygen  concentrations  throughout  the  length  of  these 
rivers  are  near  saturation.  DO  concentrations  on  the 
Elwha  range  from  a low  recorded  value  of  10.0  mg/1 
to  a high  of  14.1  mg/I.  The  DO  concentrations  on  the 
Dungeness  range  from  8.5  mg/1  to  13.5  mg/1. 

Bacteriological.  The  sanitary  quality  of  these 
streams  is  excellent.  Data  indicate  that  MPN  values 
of  coliform  bacteria  are  usually  less  than  100.  On 
the  Elwha,  the  MPN  ranges  from  a low  of  0 to  a maxi- 
mum value  of  430.  The  MPN  values  on  die  Dunge- 
ness range  from  0 to  230  coliforms. 

GROUND  WATER 
Quantity  Available 

Plentiful  supplies  of  ground  water  are  found  in 
several  mountainous  and  lowland  regions  of  the 
Elwha -Dungeness  Basins.  Virtually  all  of  the  ground 
water  in  the  lowlands  is  drawn  from  sands  and  gravels 
deposited  by  the  northward  flowing  streams  or  by 
glacial  action.  Generally,  this  material  is  permeable 


enough  to  allow  moderate  yields  of  ground  water. 
Some  ground  water  areas  are  quite  productive,  and 
many  wells  are  excellent  producers  capable  of  sus- 
taining considerable  production. 

Natural  precipitation  is  the  chief  source  of 
recharge  to  the  aquifers.  Runoff  from  the  Olympic 
Mountains  may  also  contribute  substantial  amounts 
of  recharge,  as  the  annual  precipitation  in  the 
Sequim-Dungeness  area  is  low,  but  the  ground  water 
supply  is  quite  abundant.  Irrigation,  which  has  caused 
a rise  in  the  water  table  of  as  much  as  three  feet  in 
some  areas  during  the  summer  months,  is  an 
important  secondary  source  of  recharge. 

The  amount  of  natural  recharge  to  aquifers  in 
the  lowlands  may  be  as  much  as  10,000  acre-feet  per 
year.  However,  probably  not  mere  than  one-half  of 
this  recharge  can  be  intercepted  by  wells  because  of 


steep  hydraulic  gradients,  which  often  exceed  100 
feet  per  mile. 

Quality 

Only  limited  data  on  the  quality  of  ground 
water  in  the  basin  are  available.  Information  on 
chemical  quality  is  confined  primarily  to  chloride 
concentration  and  hardness.  On  the  basis  of  23 
incomplete  chemical  analyses,  chloride  concentra- 
tions range  from  2 to  30  mg/1  but  are  generally  less 
than  10  mg/1.  Hardness  ranges  from  26  to  169  mg/1, 
but  is  more  commonly  between  60  and  120  mg/1. 
Ground  water  in  the  basin  thus  may  be  considered  as 
moderately  hard. 

Objectionable  concentrations  of  iron  in  water 
are  occasionally  reported  from  owners  of  shallow 
wells. 


PRESENT  AND  FUTURE  NEEDS 


Principal  factors  that  will  determine  water 
demand  in  the  Etwha-Dungeness  Basins  are  growth  in 
the  pulp  and  paper  industry  by  1980  and  population 
growth  and  further  industrial  expansion,  again  mostly 
in  the  pulp  and  paper  industry,  from  1980  to  2000. 
Demand  will  increase  also  as  a result  of  increased 
tourism  and  summer  home  development. 

PROJECTED  POPULATION  GROWTH 

Figure  114  shews  projected  population  in  the 
basin  from  1965  through  2020.  The  1965  population 
(28,500)  will  increase  about  5 percent  to  29,800  by 
1980,  about  44  percent  to  41,000  by  the  year  2000, 
and  98  percent  to  56,600  by  2020.  Most  of  the 
increase  is  expected  to  occur  in  and  around  the  urban 
Port  Angeles  area  in  keeping  with  the  expected 
growth  in  the  pulp  and  paper  industry  and  recre- 
ational activity. 


PROJECTED  INDUSTRIAL  GROWTH 

Production  growth  of  major  water-using  indus- 
tries is  projected  to  increase  by  400  percent  between 
the  present  and  the  year  2000.  The  major  water-using 
industry  will  be  the  pulp  and  paper  industry,  with 
food  prnmaaiiii  nearly  matching  its  rate  of  growth 
after  the  year  2000.  As  shown  in  Figure  1 1 -5,  these 
industries  will  by  then  account  for  nearly  all  the  total 


FIGURE  114.  Projected  population  growth. 


value  added  by  major  water-using  industries.  (Value 
added  represents  wages  and  salaries,  interest  pay- 
ments, rental  payments,  profit,  and  the  like.  The  term 
“value  added,**  as  used  here,  represents  industries’ 
contribution  to  the  grow  basin  product.  It  is  used  in 
this  report  to  measure  the  production  growth  of 
industries.)  The  lumber  industry  is  projected  to 
remain  at  its  present  level  of  activity  to  the  year 
2020,  without  affecting  water  use. 
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FIGURE  11-8.  Ratotiv*  production  growth  for  major 
wattr-using  industrln. 


PROJECTED  WATER  REQUIREMENTS 

Total  water  requirement*  in  the  betin  are 
expected  to  reach  271  mgd  by  the  year  2020,  an 
increaae  of  more  than  400  percent  over  preeent  need*. 
Surface  water  rources  will  wppiy  99  percent  of  the 
projected  need*.  Table*  11-6, 11-7,  and  11-8  itemize 
projected  water  uee  in  1980,  2000,  and  2020, 
respectively.  Table  1 1-9  tummarize*  water  need*  from 
the  present  through  2020. 


Municipal 

Municipal  water  requirements  are  expected  to 
reach  an  annual  average  of  3.7  mgd  by  1980, 6.0  mgd 
by  2000,  and  9.8  mgd  by  2020.  This  will  amount  to 
leu  than  4 percent  of  the  total  water  needs  in  the 
basin.  Per  capita  water  consumption  is  expected  to 
increaae  to  about  190  gpd  in  1980,  to  220  gpd  in 
2000,  and  to  235  £>d  in  2020.  About  90  percent  of 
the  total  basin  municipal  needs  are  expected  to  be 
supplied  to  the  Port  Angeles  service  area  by  2020. 

Industrial 

Industrial  water  needs,  presently  59.1  mgd,  are 
expected  to  increase  by  130  percent  to  135  mgd  by 
1980,  by  240  percent  to  202  mgd  by  the  year  2000, 
and  by  340  percent  to  259  mgd  by  2020.  Industrial 
water  is  expected  to  continue  to  be  supplied  pre- 
dominantly to  the  pulp  and  paper  industry,  account- 
ing for  95  percent  of  all  water  used  by  2020.  Water 
for  food  processing  industries  has  been  included  in 
the  municipal  per  capita  water  use  figures. 
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Rural-individual  use  will  double  between  1980 
and  2020  as  a result  of  population  growth  and  an 
increaae  in  per  capita  consumption.  However,  the 
amount  needed  by  2020  (1.60  mgd)  win  be  less  than 
1 percent  of  the  total  water  needs  of  the  basin. 


TABLE  11-6.  Projected  water  use  (1980) 


System 

Estimated 

population 

served 

Surface  water 
Average 
dally 

usage  (mod) 
Maximum 
monthly 

Ground  water  usage  (mod) 
Average  Maximum 

daily  monthly 

MUNICIPAL  USE 

Port  Angelas  service  area 

16.700 

3.2 

4.6 

— 

— 

Sequim 

1.600 

0.3 

0.4 

— 

— 

Hoks  Waterwall  and  other 

rural  community  systems 

1,000 

0.06 

0.1 

0.13 

0.2 

'■  1 

' ■ 

— — 

■■  — . 

mm 

Sub  tout 

19,300 

3.6 

5.0 

0.13 

0.2 

RURAL-INDIVIDUAL  USE 

10,600 

~ 

- 

0.70* 

1.0 

INDUSTRIAL  WATER  USE 
Port  AnQitn 
Paper  and  allied 

riii  i^i  I.. .mi 

- 

0.3 

3.0 

— 

— 

Crown  Zallarbach 

— 

0.2 

0.3 

— 

— 

Rayonier 

- 

0.3 

0.4 

- 

- 

Self-supplied: 
Paper  and  allied 

» e. » 

r iDerDoera 

— 

115 

12.3D 

— 

— 

Crown  ZaDettoech 

— 

41.0 

46.0b 

— 

— 

Rayonier 

— 

82.0 

90.0b 

— 



■ 

■ ■■ 

■ 

mmm 

Subtotal 

- 

136.0 

151.0 

- 

- 

Total' 

29,800 

138.6 

166.0 

0.80 

1.2 

•Baaed  on  70  gpcd  and  100  paroant  of  rural  individual  population  aarved  by  ground  malar  by  1980. 
b110  percent  of  average, 
figures  are  rounded. 
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TABLE  11-8.  Project'd  water  u*  (2020) 


Syne*"  aarvad  daily  monthly  daily  monthly 

MUNICIPAL  USE 


Port  Angatee  aarvree  area 

36,400 

8.40 

1190 

— 

— 

Saquim 

Hoka  Wa lan vail  and  other  rural 

4,000 

090 

1.30 

— 

— 

community  ayalama 

2000 

0.16 

0.20 

0.30 

0.40 

Subtotal 

42,400 

996 

13.30 

0.30 

040 

RURAL-!  NOIVIDUAL  USE 

14,200 

— 

1.80* 

2.20 

INDUSTRIAL  WATER  USE 
Part  Argali  i 
Paper  and  aMed 

Ffewbeard 

- 

0.80 

6.00 

— 

— 

Crown  Tad  attach 

— 

0.80 

090 

— 

— 

Rayoniar 

Self-auppiiad: 

090 

1.00 

— 

- 

) 

Paper  and  aNiad 

Fibarboard 

— 

20.00 

2290b 



Crown  Zadatbach 

— 

79.00 

87.00b 

— 

— 

Rayon  iar 

- 

16890 

17490b 

- 

- 

Subtotal 

- 

388.20 

388.80 

- 

Toad* 

68900 

268.70 

303.10 

1.90 

2.60 

*Baeed  on  1 10  gped  and  100  parcant  of  rural  Individual  population  aarvad  by  ground  water  by  1980. 
b1 10  parcant  of  avaraga. 
cFigur«a  ara  rounded. 


TABLE  11-9.  Summary  of  pcojacSad  water  nradr, 


Uw 

Yaar 

Estimated 

population 

satvad 

Surface  water  usage  (mgd)  Ground  water  usage  (mgd)  Total  usage  (mgd) 
Average  Maximum  Average  Maximum  Average  Maximum 

daily  monthly  daily  monthly  daily  monthly 

Municipal 

1965 

18,000 

4.6 

8.2 

0.0 

0.0 

4.6 

8.2 

1980 

19,300 

ae 

6.0 

0.1 

0.2 

3.7 

6.2 

2000 

26,700 

6.8 

8.1 

0.2 

0.3 

6.0 

8.4 

2020 

42,400 

9.6 

13.3 

0.3 

0.4 

9.8 

13.7 

Industrial 

1966 

42,400 

69.2 

64.9 

69.2 

64.9 

I960 

— 

136.0 

161.0 

- 

- 

135.0 

151.0 

2000 

— 

202.9 

226.8 

- 

- 

202.8 

226.8 

2020 

269.2 

289.8 

- 

- 

259.2 

289.8 

Rural-Individual 

1966 

10,600 

0.1 

0.1 

0.5 

0.7 

0.6 

0.8 

I960 

10,600 

- 

- 

0.7 

1.0 

0.7 

1.0 

2000 

12,300 

- 

1.1 

1.6 

1.1 

1.5 

2020 

14,200 

1.6 

2.2 

1.6 

2.2 

Totals 

1966 

28.600 

63.9 

73.2 

0.6 

0.7 

64.4 

73.9 

I960 

29,800 

138.6 

156.0 

0.8 

1.2 

139.4 

157.2 

2000 

41,000 

208.7 

23a9 

1.3 

1.8 

210.0 

236.7 

2020 

66,600 

268.7 

303.1 

1.9 

2.6 

270.6 

306.7 

Note:  All  uate  figures  art  rounded  to  on*  decimal  place. 
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MEANS  TO  SATISFY  NEEDS 


GENERAL 

The  projected  annual  water  use  is  expected  to 
reach  270  mgd  by  the  year  2020.  This  is  an  increase 
of  approximately  20S  mgd  over  the  196S  average  use. 
Optimum  or  peak  water  requirements  will  be  nearly 
3S0  mgd,  approximately  130  percent  of  the  average 
annual.  Tables  2-12  or  2-13,  the  Area  Plans,  summar- 
ize the  basins’  annual  average  and  optimum  require- 
ment in  relation  to  the  remainder  of  the  Area.  Table 
1 1-10,  MAI  Water  Supply  Needs,  reviews  the  needs  of 
the  ttujoi  water  systems  and/or  users  in  the  basin. 

Municipal  and  rural-individual  water  supplies 
are  adequate  to  satisfy  expected  demand  for  the  yean 
2000  and  2020.  However,  problems  of  quality, 
supply  and  system  transmission  and  storage  and 
distribution  require  improvement  before  adequate 
supplies  can  be  developed  during  low-flow  periods  of 
recurrence  of  10  yean  or  more. 

The  Ehrha  River,  from  which  the  self -supplied 
industries  presently  take  their  water,  is  projected  to 
be  a satisfactory  source  to  meet  Industrie!  demands 
through  2020.  There  is  a basic  need,  however,  for 


planned  development  of  the  area  based  on  sound 
management  policies  to  coordinate  the  competing 
industrial  uses  and  to  insure  surface  water  supply 
adequacy  if  the  Port  Angeles  municipal  system  should 
go  to  the  Elwha  River  for  increased  supply,  as  is 
projected  in  the  Alternative  Plan,  instead  of  develop- 
ing this  supply  from  ground  water. 

Port  Angeles  municipal  water  use  is  expected  to 
increase  from  an  existing  8.1  mgd  to  30.8  mgd  by  the 
year  2020.  The  present  source  of  supply,  Morse 
Creek,  is  expected  to  be  capable  of  meeting  demands 
up  to  26  mgd  without  additional  water  from  the 
Elwha  River.  The  industrial  water  requirements  for 
Port  Angeles  in  2020  are  projected  to  be  more  than 
nine  times  (283  mgd)  the  municipal  use,  and  are 
expected  to  continue  being  supplied  from  the  Elwha 
River.  No  other  source  is  projected  to  be  needed. 

The  present  source  of  supply  for  Sequim 
consists  of  an  infiltration  gallery  adjacent  to  the 
Dungeness  River.  Capacity  of  the  present  source 
development  is  0.9  mgd  which  is  more  adequate  for 
present  needs.  If  necessary,  direct  diversion  from  the 
Dungeness  River  is  possible. 
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The  rural-individual  and  smaller  community 
requirements  can  be  supplied  by  the  relatively  abun- 
dant ground  waters  in  the  lowlands.  Except  for 
localized  areas  of  shortage  or  quality,  adequate 
quantities  of  ground  water  are  available  within  a 
reasonable  depth  to  permit  utilization  of  this  re- 
source. 

BASIN  PLANS 

The  Selected  and  Alternative  Plans,  Tables 
11-11  and  11-12,  will  cost  approximately  $3.7  million 
and  $5.4  million,  respectively.  The  cost  difference 
between  the  two  is  due  to  supply  source  development 
for  the  City  of  Port  Angeles.  The  Selected  Plan  calls 
for  the  development  of  ground  water  supplies  from 
aquifers  in  the  lowlands  near  the  city.  The  Alternative 
Plan  is  to  develop  surface  water  from  the  Elwha  River 
and  provide  treatment.  The  remaining  communities 
are  projected  to  continue  developing  ground  water 
under  both  plans.  The  self-supplied  industry  will  also 
continue  with  present  developments:  this  is  surface 
water  from  the  Elwha  River. 

One  factor  not  presently  considered  is  the 
ability  of  the  pulp  mills  to  reuse  water  or  to  use  sea 
water  for  many  cooling  and  air  washing  functions, 
thereby  reducing  fresh  water  demands. 

The  requirements  for  Port  Angeles  are  to 
develop  Morse  Creek  to  its  ultimate  capacity,  provide 
additional  quality  control  facilities,  system  trans- 
mission, storage,  and  distribution  improvements,  and 
supply  5.0  mgd  needs  from  Elwha  River. 

With  construction  by  the  City  of  Sequim  of 
additional  capacity  and  improvements  to  storage 
within  the  distribution  system,  the  present  water 
supply  is  adequate  to  satisfy  the  projected  needs  to 
the  year  2020.  This  is  also  true  of  the  self-supplied 
industry. 

The  total  amount  of  basin  needs  are  within  the 
supply  potential  of  the  basin  without  conflict  over 
withdrawals  or  importation  of  water  from  outside  the 
basin. 

Urban  growth  is  not  anticipated  to  bring  about 
sufficient  population  density  to  make  a county- 
service  or  regional  water  supply  and  transmission 
system  feasible. 


Surface  and  ground  water  supplies  can  be 
economically  utilized  by  rural-individual  or  small 
community  effort  water  systems,  such  as  wells  and 
small  surface  diversions  and  package  treatment  plants; 
90  percent  of  this  coming  from  ground  water  sources. 
The  major  means  are  to  enlarge  the  present  pumping, 
treatment  and  distribution  systems  to  handle  the 
peak  water  demands. 

Table  11-10,  Summary  of  Projected  Water 
Needs,  shows  the  level  of  need  to  2020  from  all 
sources.  On  this  basis,  a ground  water  source  is 
recommended  as  the  least  expensive  alternative,  and 
still  be  adequate  to  satisfy  the  projected  municipal 
needs. 

FINANCE 

Annual  income  as  taken  from  Tables  2-10  and 
2-1 1 for  the  Selected  and  Alternative  Plans  indicates 
the  amount  of  money  available  to  apply  for  bond 
service  (approximately  21.5  percent  of  the  total 
annual  income). 

The  following  figures  indicate  the  monies  avail- 
able for  bond  service  and  the  capital  expenditures 
amortized  for  30  years  at  5%  for  the  Selected  and 
Alternative  Plans. 

Annual  Amortized 


Annual  Bond 

Cost  (x  $1,000) 

Service  Avail- 

Selected 

Alternative 

Year 

able  (x  $1,000) 

Plan 

Plan 

1965 

$1,160 

$ 84 

$ 84 

1980 

2,470 

42 

no 

2000 

3,360 

160 

140 

2020 

4330 

190 

220 

Costs  as  indicated  by  the  Engineering  News 
Record  Index  are  presently  doubling  every  15  years. 
It  is  projected  that  the  Elwha  and  Dungeness  Basins 
will  be  able  to  bond  for  the  required  water  supply 
development,  and  future  construction  without  extra- 
ordinary and  excessive  financial  burden  in  relation  to 
the  basins’  economic  resources. 
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TABLE  11-11.  M & I Water  Supply  Usa  Planning -Pram it  to  yaar  2020  Salactad  Basin  Plan 
Elwha-Dunganaas  Basins  


1967 

OPTIMUM  THOUSAND  DOLLARS 


Yaar 

of 

Devel 

Protected 
Annual 
Wtr.  Uae 
MGD 

CAPACITY 

MGD 

AMORTIZED 
CAPITAL  COSTb 

MAINTENANCE 
AND  OPE  R. 

Total 

Annual 

Income 

Plan 

Laval 

Source 

Development 

Supply 

Trantrr,. 

Supply  ft 
Trantm 

Treat-  Iron 

ment  Removal 

Pumpinp 

Power  Cham. 

PORT  ANGELES 
Prevent  SW 

Mona  Cr.  Surf  Diversion 

Eilat. 

4 

12.2 

12.1 

46  18 

467 

No  Present  Naadt 

190C 

GW 

Local  GW 

1975 

4 

3 

3 

186 

42 

467 

2000 

GW 

Local  GW 

1995 

8 

7 

7 

420 

70 

934 

2030 

GW 

Local  GW 

2016 

11 

9 

9 

546 

96 

1.295 

PORT  ANGELES  SELECTED  PLAN  TOTAL 

31 

31 

S 1.162 

SEQUIM 

Protect 

GW 

1.0m§d-No  Present  Naada 

Exist. 

0.8 

1.0 

1.0 

6 

93 

1900 

GW 

Additional  0 4mpd  (Add) 

1975 

0.4 

0.4 

0.4 

24 

6 

47 

2000 

GW 

No  Future  Naadt 

0.3 

6 

36 

2020 

GW 

Additional  1.3mpd  (Add) 

2010 

0.9 

1.3 

1.3 

78 

10 

106 

SEQUIM  SELECTEO  PLAN  TOTAL 

3 

3 

S 102 

RURAL  0 COMMUNITY  SYSTEMS 

7imm  GW  Local  GW  Development- 0.2mpd 

Exicl 

0.1 

0.2 

0.2 

12 

Prewnt  Naadt 

0.4 

0.4 

24 

1 

0.6 

0.6 

1990 

GW 

Local  GW  DaaWopmant-a  Impel 

roTs 

0.2 

0.7 

0.9 

0 

2 

23 

2000 

GW 

Local  GW  Oovotopment-O. 3mpd 

1906 

0.3 

0.3 

0.3 

18 

3 

35 

2020 

GW 

Local  GW  Doaatopment-O.Smpd 

2016 

0.5 

0.3 

0.3 

18 

6 

58 

RURAL  * COMMUNITY  SYSTEMS  SELECTED  PLAN  TOTAL 

1.9 

1.9 

S 08 

SELF  SUPPLIED  INOUSTRY 

Praont  SW  UntngNdEMwRMr 

Exiet. 

80 

S3 

S3 

062 

4045 

1900 

SW 

Untrtatad  Elwha  River-134 

1970 

134 

06 

05 

1000 

1.643 

11.006 

2000 

SW 

Untreated  Elwtia  Rivar-201 

1900 

201 

73 

73 

040 

2.310 

14.673 

2020 

SW 

Untreated  Elwha  Rarer- 257 

2010 

267 

6? 

92 

M 

2.972 

18,761 

SELF  SUPPLIEO  INOUSTRY  SLECTED  PLAN  TOTAL 

293 

203 

3401 

SELECTED  SASIN  PLAN  TOTAL 

S 3.728 

® laHM  dissiapntsat. 

6 Ooat  not  indude  tterape  and  ddtrlbutioo  courtwArnMnwHDlUrfyNwiiBcilow. 
c AN  fipuroa  art  rounded. 


LEGEND 


STATE  DEPARTMENT  OP 
NATURAL  RESOURCES 


CITIES 


SAN  JUAN  ISLAI 
Figurt  12—1  Land  O 

NDS 

wnarthip 

— — 

SAN  JUAN  ISLANDS 

INTRODUCTION 


- 

1 


The  San  Juan  Islands  (Figure  12*1),  located 
between  the  southern  end  of  Vancouver  Island  and 
the  mainland  of  northwestern  Washington,  form  an 
archipelago  of  175  islands  that  vary  in  size  from 
rocky  islets  and  reefs,  visible  only  at  low  tide,  to  areas 
in  excess  of  50  square  miles.  The  three  main  islands, 
Orcas,  San  Juan,  and  Lopez,  contain  a major  portion 
of  the  population  and  industry. 

The  islands  have  a stable  permanent  population, 
but  also  have  a steadily  growing  transient  population 
during  the  summer  months.  The  water  supply,  al- 
though presently  adequate,  is  limited,  and  may 
become  an  acute  problem  with  the  growth  of  summer 
population. 

GEOGRAPHY 

The  island  group  was  formed  by  partial  sub- 
mergence of  a range  of  mountains  extending  as  a spur 
of  the  Cascades  from  the  mainland  to  Vancouver 
Island.  Orcas  Island,  the  highest  of  the  group,  rises 
abruptly  to  a height  of  2,409  feet,  and  has  the  most 
irregular  shoreline  of  all  the  islands  in  the  chain.  San 
Juan,  Lopez,  and  Shaw  Islands  are  primarily  rolling 
plateaus  with  local  hills  less  than  500  feet  above  sea 
level.  The  outer  islands  are  less  than  100  feet  in  eleva- 
tion. 


CLIMATE 

The  islands  enjoy  a favorable  year-long  dimate. 
Summers  are  dry  and  cool,  with  an  average  July 
temperature  of  15.5°C  (60° F).  January  temperatures 
average  3.9*  C (39f*F).  Yearly  precipitation  is  light, 
varying  from  17  to  29  inches  across  the  islands. 

POPULATION 

The  resident  population  of  the  San  Juana, 
estimated  at  about  2,600  persona  in  1965,  has  not 
varied  greatly  since  1930.  The  moat  notable  popu- 
lation characteristic  of  the  Mends  is  a seasonal 
summer  increase  in  the  number  of  persona  vMting  or 
living  in  vacation  homes  and  at  resorts  each  year.  (See 
photo  12-1.)  The  I96S  sunmsrtkne  population  was 
estimated  to  be  23,000,  a tenfold  increase  The 
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permanent  population  is  mostly  farm  or  rural  non- 
farm, with  only  a small  urban  population.  No  town  or 
city  exceeds  about  1,200  permanent  residents  (2,500 
summer  population).  The  largest  and  only  incorpo- 
rated town  is  Friday  Harbor  on  San  Juan  Island.  A 
number  of  smaller  unincorporated  towns  are  scat- 
tered throughout  the  larger  islands,  and  at  least  one 
village  on  each  island  serves  a few  settlers  as  a port 
and  supply  center. 

ECONOMY 

The  economy  of  the  San  Juans  is  tourist- 
oriented.  The  tourist  dollar  is  rapidly  becoming  the 
backbone  of  the  island  economy,  with  permanent 
residents  adding  new  services,  resorts,  and  facilities. 
The  services  industry  has  grown  more  than  60  percent 
since  1950,  and  in  I960  accounted  for  more  than  25 
percent  of  the  total  number  of  persons  employed. 
Services,  trade,  and  construction  industries  together 
employ  more  than  one-half  of  the  labor  force. 

A substantial  decline  in  manufacturing  has 
occurred  since  1950,  especially  in  food  manufactur- 
ing. Agriculture  also  has  declined  in  importance. 
Many  of  the  larger  farms  have  been  converted  into 
golf  courses,  hunting  preserves,  recreation  camps,  and 
riding  academies.  Crop  and  rangeland  have  been 
reduced  to  30,000  acres,  of  which  75  percent  is  crop- 
land. The  remaining  one-fourth  of  the  farmland  is 
used  predominately  for  grazing  sheep  and  other  live- 
stock, mostly  in  the  interior  of  the  larger  islands. 

San  Juan  County  has  been  classed  as  a 
depressed  area  by  the  Federal  Government.  This 
indicates  that  the  small  population  centers  lack 
sufficient  resources  to  solve  transportation,  domestic 
water  supply,  pollution  control,  harbor  development, 
fishery,  and  recreation  problems  that  are  being 
aeatrd  by  the  great  influx  of  persons  using  the 
ialands  for  recreation. 


LAND  USE 

Table  12-1  draws  how  the  113,000  acres  of 
land  and  Inland  water  in  the  San  Juans  are  classified 

as  to  use. 


TABLE  12-1.  General  land  use. 


PHOTO  12-1.  Tourists  and  summertime  residents 
engage  in  a number  of  recreational  activities, 
including  boating,  and  cause  a significant  seasonal 
incrtMt  in  population. 


Uae 

Acree 

Forestland 

72,000 

Cropland 

19.000 

Rangeland 

9.000 

Other  land  (high .barren) 

9,000 

Urban  buildup 

3,000 

Inland  watar 

1,000 

Total  land  and  inland  watar 

113,000 

Source:  Appendix  III,  Hydrology. 


PRESENT  STATUS 
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WATER  USE 

The  total  municipal  and  rural-individual  water 
uae  for  the  San  Juan  Islands  is  approximately  0.60 
mgd,  of  which  about  75  percent  is  surface  water 
taken  from  the  various  streams  on  the  larger  islands. 
Ground  water,  drawn  from  wells,  provides  about  0.16 
mgd.  Water  use  data  for  the  islands  are  presented  in 
Table  12-2. 


Municipal  water  use,  presently  amounting  to 
0.59  mgd,  accounts  for  over  98  percent  of  the  total 

TABLE  12-2.  Watar  use  (1966). 


water  use  on  the  islands.  The  town  of  Friday  Harbor 
which  uses  an  average  0.33  mgd,  accounts  for  over  55 
percent  of  the  municipal  water  use.  Friday  Harbor  is 
the  major  water  purveyor  on  the  islands  and  has  a per 
capita  water  usage  of  170  gpd.  Several  rural  com- 
munity systems  use  a total  of  0.26  mgd  and  have  a 
combined  per  capita  water  usage  of  220  gpd. 

Industrial 

The  primary  industries  of  the  area  are  Ashing, 
seafood  canning,  agriculture,  and  tourism.  Water-use 
data  for  these  industries  are  not  available. 


Estimated 

Surface  watar  uaaa 

Ground  watar  uaaoa 

(mgd) 

System 

population 

arvad 

Avaraga 

daily 

Maximum 

monthly 

Maximum 

daily 

AdaH 7* 

Maximum 

monthly 

Maximum 

daily 

MUNICIPAL  USE 
Friday  Harbor 

1,212 

0.33 

0.67 

0.70 

Other  rural  community  systems 

1,176 

0.11 

0.21 

0.32 

0.16 

0.30 

0.46 

Subtotal 

2,3W 

0.44 

038 

1.02 

0.16 

0.30 

0.46 

RURAL-INDIVIDUAL  USE 

212 

— 

— 

— 

0.01 

0.02 

0.03 

2,fl00b 

M.  ■ 

mmmmm 

si  ■ a 

■ ■ 

■HWS 

Total 

0.44 

038 

1.02 

0.16 

0.32 

0.48 

Summer  population 

23,000 

— 

238* 

3.46 

— 

036* 

1.16 

on  amumed  1 00  mod  and  estimated  7B  porcsnt  arnd  by  surface  sources. 


population  served  Is  not  the  population  of  the  Incorporated 

--  — -»  » - O 1 *-«-*-  -a- - - • |t. . 

from  IBW  d*r  WTticTt  arofminvi  tnt 
municipal  ay  Nam  ainoa  the  municipality  la 


of  tha  dty  but  h that  population  (turn  of 
” for  each  basin.  This  population  hot  bean 
tha  watar  auppller  for  tha  amoller  adlotninp  i 
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Rural- Individual 

About  200  persons  living  in  rural  areas  use  an 
estimated  total  of  0.01  ntgd. 

WATER  SUPPLIES 

There  are  relatively  few  water  supplies  on  the 
islands.  The  municipal  system  of  Friday  Harbor,  in 
serving  an  estimated  resident  population  of  784 
people,  is  the  major  public  water  supply  on  the  San 
Juans.  The  town  obtains  its  surface  supply  from 
Troutlake  and  provides  disinfection  prior  to  distri- 
bution. The  capacity  of  the  system  is  estimated  to  be 
0.86  mgd.  Accurate  data  on  the  total  water  available 
are  not  available  for  the  islands,  but  it  is  evident  that 
a lack  of  sufficient  fresh  water  will  become  an  acute 
problem  with  further  residential  development  and 
expected  increases  in  the  summer  tourist  population. 

WATER  RIGHTS 

The  San  Juan  Islands  have  a total  of  92 
recorded  water  rights;  of  these,  39  are  surface  and  S3 
are  ground  ( 1 966-1 967). 

Surface  water  under  prime  right  permits  and 
certificates  total  6 mgd.  In  addition  to  this,  1 or  2 
mgd  are  claimed  under  vester -rights.  Applications  on 
Ate  indicate  an  additional  1 mgd  is  soon  to  be 
developed. 

Irrigation  accounts  for  half  the  surface  water 
used  - 3 mgd.  Domestic  supplies  • 1.2  mgd;  and  stock 
water  - 1.2  mgd,  are  also  significant  use  categories. 


TABLE  12-3.  Municipal  & Industrial  water  rights. 

Indi- 


vidual Indus- 

and  trial 

oom-  and 


Type  (nigd)  tic  Inyd)  (nod) 

Surface  watar  — 1.3  _ 

Ground  water  — 1.6  0,3 

Total*  - 2.9  0.3 

* About  62  n«d  in  additional  appropriative  rights  have 
bean  granted  for  other  oonajmptiva  uses  in  the 
batin. 

Since  most  of  the  streams  in  this  area  are 
intermittent,  a relatively  intense  farm  pond  program 
has  evolved  to  provide  summer  storage  of  up  to  1 ,01 7 
acre  feet  (331  mg)  under  reservoir  rights. 

The  unnamed  outlet  stream  from  Sportsman’s 
Lake  is  the  only  stream  in  the  basin  that  has  been 
dosed  to  consumptive  appropriation. 

Ground  water  rights  in  the  basin  total  1.7  mgd, 
with  an  additional  0.3  mgd  pending  in  application 
form. 

In  this  area  rights  for  single  and  multiple 
domestic  supplies  are  most  significant  and  permit 
total  withdrawals  up  to  1.6  mgd.  Irrigation,  stock  and 
industrial  developments  account  for  withdrawal  rates 
of  0.4  mgd,  0.3  mgd  and  0.3  mgd,  respectively.  The 
average  existing  ground  water  development  in  this 
area  yields  less  than  0.02  mgd.  Table  12-3  shows 
water  rights  and  applications  in  the  San  Juan  Islands. 
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WATER  RESOURCES 


Fresh  water  resources  for  the  islands  consist  of 
streams,  lakes  and  reservoirs,  and  numerous  low-yield 
wells.  The  quality  of  the  available  water  is  good,  but 
the  quantity,  on  both  large  and  small  islands  (photo 
12-2),  is  strictly  limited,  with  no  significant  new 
sources  in  evidence. 

SURFACE  WATER 
Quantity  Available 

Streams.  Only  a.  few  streams  flow  on  the  Sen 
Juan  Islands.  Most  of  these  flow  intermittently,  al- 
though some  of  the  larger  Wands  support  well- 
defined  perennial  stream  systems. 

Precipitation  data  indicate  that  the  average 
Mutual  rainfall  vwies  from  17  to  29  inches  across  the 
Wands,  increasing  from  south  to  north.  Though 


adequate  and  continuous  stream  flow  data  are 
lacking,  the  average  annual  runoff  is  estimated  to 
range  from  S inches  in  the  southerly  portion  of  the 
islands  to  IS  inches  in  the  north. 

Dams,  Impoundments,  and  Lakes.  The  small 
lakes  and  reservoirs  on  the  islands  comprise  about  1.4 
square  miles;  reservoirs  that  provide  municipal  and 
irrigation  water  contain  about  1,600  acre-feet  of 
storage.  Low  runoff  volumes  and  lack  of  natural 
holding  basins  preclude  the  likelihood  of  future 
significant  storage  projects. 

On  the  matter  of  catchment  of  surface  waters 
on  small  impoundments  the  County  Soil  Conserva- 
tion Department  estimates  that  there  are  over  300 
such  ponds  existing  within  the  islands.  The  minimum 
atee  oif  thsse  ponds  is  1/3  of  a surface  acre,  although  a 
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PHOTO  12-2.  Islands  from  the  smaller,  such  as 
Sheep  Island,  to  the  larger,  such  as  Orcas  (fore- 
ground), experience  scarcity  or  absence  of  fresh 
water. 


few  are  somewhat  smaller.  At  least  2/3  of  these  are 
filled  throughout  the  year,  and  no  dug  pond  has 
failed  to  fill.  They  are  used  for  all  varieties  of  water 
supply,  from  bird  sanctuaries  to  human  consumption. 

Quality 

The  quality  of  surface  water  from  low-flow 
streams  is  similar  to  the  ground  water  in  storage, 
except  during  periods  of  significant  surface  runoff, 


because  low-flow  streams  are  sustained  in  part  by 
contributions  from  ground  water  storage.  Sewage 
disposal  may  impair  the  sanitary  quality  of  lakes  and 
streams  somewhat  in  localized  areas. 

No  data  are  available. 


Chemical.  No  data  are  available. 

Bacteriological.  No  data  are  available. 

GROUND  WATER 
Quantity  Available 

Coarse  Quaternary  sediments  provide  better 
aquifers.  Yields  of  wells  completed  in  such  aquifers 
rarely  exceed  20  gpm;  the  largest  recorded  yield  is  SO 
gpm.  Some  wells  are  drilled  as  deep  as  500  feet  into 
the  older  consolidated  rocks  to  obtain  sufficient 
water.  These  wells  generally  do  not  yield  moie  than 
10  gpm  each. 

Quality 

Ground  water  data  are  limited.  Based  on  infor- 
mation available,  the  hardness  of  ground  water  ranges 
from  medium  to  hard  in  wells  up  to  132  feet  in 
depth.  One  well  of  168  feet  in  depth  had  a hardness 
of  8 mg/1,  which  is  extremely  soft.  Table  12-4  gives 
available  data  on  ground  water  quality. 


TABLE  12-4.  Ground  water  quality. 


Img/I) 


Owner 


Location 

coda* 


Data 


William  Hughes 

36/2W-14H 

6/17/80 

60 

31 

0.27 

60.0 

29.0 

29.0 

6.0 

0.8 

0.22 

346 

268 

616 

7.6 

Rocha  Harbor  Lima  and 
Cement  Co. 

36/3W-17E 

3/9/61 

30 

1.20 

21.0 

16.0 

16.0 

2.4 

0.3 

0.14 

189 

113 

300 

7.1 

East  Sound  Water  District 

37/2W-138 

6/17/60 

61 

23 

0.06 

46.0 

6.8 

9.3 

0.7 

2.4 

0.03 

204 

143 

331 

7.1 

R.  C.  Purdue 

37/2W-14A2 

10/28/64 

60 

11 

0.03 

3.2 

0.0 

91.0 

0.6 

0.0 

0.0 

238 

8 

393 

8.6 

Vernon  Curtis 

37/2W-14C4 

6/17/80 

60 

36 

2.20d 

66.0 

27.0 

38.0 

2.7 

0.1 

0.03 

413 

274 

676 

7.8 

* Location  code  la  the  legal  description  of  the  the  of  the  wall  or.  In  soma  caste,  spring. 

For  example,  27/2-28N2  indicates  township  27. . nge  2 east  (range  west  would  be 
indicated  by  2W),  section  2S.  40-ecre  plot  N,  atw  die  second  wall  (2)  in  that  plot 
la  letter  a after  the  numeral  would  indicate  a spring). 

b Residue  after  evaporation  at  180%  (366%). 

c Micromhos  at  2«Pc  (77%). 

d Total  iron  concentration.  Ail  values  not  noted  re  present  iron  in  solution  at  the  time 
the  temple  wet  collected. 

Source:  GROUND  WATER  IN  WASHINGTON,  ITS  CHEMICAL  AND  PHY8ICAL  QUALITY, 
Weter  Supply  Bulletin  No.  24,  WeBdngton  State  Deportment  of  Coneetvetlon. 
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PRESENT  AND  FUTURE  NEEDS 


The  principal  factor  that  determines  present 
and  future  needs  for  water  in  the  San  Juan  Islands  is 
the  seasonal  summer  population.  Major  water-using 
industries  will  decline  in  importance  and  use,  with 
mineral  aggregate  production  and  seafood  processing 
as  declining  and  seasonal  water  users  after  1980. 


PROJECTED  POPULATION  GROWTH 


PROJECTED  WATER  REQUIREMENTS 

Total  annual  average  water  requirements  in  the 
basin  are  expected  to  reach  1.1  mgd  by  the  year 
2020,  a 205-percent  increase  over  present  require- 
ments. Surface  water  sources  will  supply  80  percent 
of  the  projected  water  needs.  Tables  12-5,  12-6,  and 
12-7  itemize  projected  water  use  in  1980,  2000,  and 
2020,  respectively.  Table  12-8  summarizes  water  use 
trom  the  present  through  2020. 


Figure  12-2  shows  estimated  population  for 
1965  and  projections  of  population  through  the  year 
2020.  As  shown,  the  1965  permanent  population 
(2,600)  is  expected  to  increase  by  about  8 percent  to 
2,800  by  1980,  by  42  percent  to  3,700  by  the  year 
2000,  and  by  97  percent  to  5,100  by  2020.  Most  of 
the  expected  increase  will  occur  in  and  around  the 
urban  Friday  Harbor  area  and  on  Orcas  Island.  The 
increase  reflects  the  added  services  needed  to  support 
expanding  tourism. 

Table  12-5  through  12-7  also  show  the 
projected  summertime  population  on  the  islands 
through  the  year  2020.  The  estimated  1965  summer 
population  of  23,000  (as  presented  on  Table  12-2)  is 
expected  to  increase  sbout  56  percent  to  36,000  by 
1980,  256  percent  to  59,000  by  2000,  and  454 
percent  to  106,000  persons  by  the  year  2020. 


PROJECTED  INDUSTRIAL  GROWTH 

Production  growth  is  not  expected  in  major 
water-using  industries  in  the  basin.  Rather,  as  shown 
in  figure  12-3,  a decline  is  projected.  The  lumber  and 
wood  products  industries  will  reach  almost  nil  by 
1980,  and  food  processing  will  follow  the  same 
pattern  from  1980  to  2000. 

Notwithstanding  the  industrial  decline,  the 
basin  is  expected  to  experience  considerable  eco- 
nomic growth.  Most  of  this  growth  will  result  from 
recreational  appeal  of  the  islands.  The  abundance  of 
land  and  salt  water  recreation  sites  will  draw  increas- 
ing numbers  of  recreationists  to  the  Basin.  This, 
combined  with  an  increase  in  the  number  of  persons 
who  maintain  summer  residences  on  the  islands,  will 
increase  per  capita  income  and  economic  activity. 


Municipal 

Annual  average  municipal  water  requirements 
are  projected  to  reach  0.50  mgd  by  1980,  0.73  mgd 
by  2000,  and  1.12  mgd  by  2020.  Most  of  the  demand 
will  be  supplied  from  the  Friday  Harbor  and  Orcas 
Island  surface  sources.  Per  capita  water  consumption, 
which  totaled  185  gpd  in  1965,  will  decline  to  142 
gpd  by  1980,  then  rise  to  158  gpd  by  2000,  and  again 
reach  185  gpd  by  2020.  It  is  assumed  that  installation 
of  additional  meters  and  increased  water  rates  to 
meet  system  expansion  and  improvements  will 
account  for  the  drop  in  per  capita  water  use  between 
1965  and  1980.  The  Friday  Harbor  water  system  will 
supply  most  of  the  municipal  water  used. 

Industrial 

Industrial  water  needs  were  relatively  minor  in 
1965  and  are  expected  to  decline  to  an  insignificant 
amount  by  the  year  2020. 

Rural-Individual 

Rural-individual-  needs  are  projected  to  be  less 
than  1 percent  of  the  total  basin  needs.  Present 
sources  are  barely  adequate,  and  additional  ground 
water  development  to  supply  needs  does  not  appear 
possible. 

municipal  nonrasiaeni 

Summertime  water  needs  will  create  the 
greatest  demands  on  many  systems  in  the  basin 
because  of  a large  projected  seasonal  increase  in 
population  that  coincides  with  the  period  of  least 
precipitation.  Needs  during  summer,  presently  3.5 
mgd,  are  expected  to  average  16.0  mgd  by  2020 
during  the  maximum  month  - a 460  percent  increase 
over  present  requirements. 


■Man  - 


*Th«  braafcdovm  toatmaan  surface  an>l  (found  sources  I*  bawd  on  1966  condition*. 
bNo  airfaea  uw  pwlwid  for  rural  individual. 

'Sunwnar  population  projected  utMbing  growth  factors  obtainad  from  tha  Ricmtion  CommitiN 
Profactlona  of  affactiva  populations  for  tha  basins.  Watsr  uaa  bassd  on  ISO  sped  and 
•asimatad  78%  mad  by  rorface  sources.  It  should  bo  no  tad.  hovmvar,  that  tha  sourca 
of  water  w to  wrfacs  or  ground  may  not  be  wprojactal.  oaasHnatlon  is  a posdbility. 

OI/mu  MtaMdUla  srf 

•Wf  mnPI  tfUmrUsf  Of  VOW*  pnifVCWO. 
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TABLE  12-6.  Projected  water  use  (2000). 


System 

Estimated 

population 

served 

Surface  water 

Average 

daily 

usaoa  (mod) 
Maximum 
monthly 

Groundwater 

Average 

daily 

usaoa  (mod) 
Maximum 
monthly 

MUNICIPAL  USE 

Friday  Harbor 

2,000 

0.42 

0.60 

— 

— 

Other  rural  communities* 

1,480 

0.13 

0.18 

0.18 

0.26 

Subtotal 

3,480 

0.55 

0.78 

0.18 

0.25 

RURAL-INDIVIDUAL  USE6 

220 

- 

- 

0.02 

0.03 

INDUSTRIAL  USE 

Food  and  kindred6 

- 

- 

- 

- 

- 

Total* 

3,700 

0.80 

0.80 

0.20 

0.X 

Summer  population  uaac 

59,000 

- 

6.70 

— 

2.X 

*The  breakdown  between  surface  and  ground  sources  is  baaed  on  1966  conditions. 

dNo  surface  um  projected  for  rural  individual. 

Summer  population  pro)actad  utilizing  growth  f acton  obtained  from  tha  Recreation  Committee 

projections  of  effective  populations  for  the  basins.  Water  uaa  bawd  on  150  gped  and 

estimated  76%  served  by  surface  sources. 

It  should  be  noted,  however,  that  the  source 

of  water  as  to  surface  or  ground  may  not  be  as  projected. 
‘S/ary  smell  quantity  of  water  projected. 

Desalination  is  a possibility. 

*F  i*ums  are  rounded. 

TABLE  12-7.  Projected  water  use  (2020). 

Estimated 

population 

served 

System 

Surface  water 
Average 
daily 

monthly 

Ground  water 
Average 
daily 

monthly 

MUNICIPAL  USE 

Friday  Harbor 

3,250 

0.76 

1.10 

— 

— 

Other  rural  communities* 

1,800 

0.16 

0.20 

0.22 

0.31 

Subtotal 

4,850 

0.90 

1.30 

0.22 

0.31 

RURAL-INDIVIDUAL  US& 

250 

- 

- 

0.03 

0.04 

INDUSTRIAL  USE 

Food  and  kindred6 

- 

- 

- 

- 

- 

Total* 

6,100 

0.90 

1.30 

0.30 

0.40 

Summer  population  Uwc 

106,000 

- 

12.00 

- 

4.00 

*The  brute  down  bftMwn  tuft so#  md  ground  soufoss  is  baaed  on  IMcomWIom. 
bNo  surface  uat  projected  for  rural  individual. 

®ummar  popumran  projatieu  WNumg  grow  in  t scion  ooisinsa  irocn  ins  n sorest  ion  uommiiss 


projections  of  affective  populstione  for  the  basins.  Welar  uaa  baaed  on  1B0  apod  and 
estimated  75%  served  by  aurfaoa  aouroaa.  It  should  be  nolad,  however,  that  the  source 
of  water  as  to  surface  or  ground  may  not  be  as  projected.  Oaaallnetlon  k a possibility. 
^Vary  smell  quantity  of  water  projected. 

'Figures  we  rounded. 
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TABLE  12-8. 


Ua 

Veer 

Estimated 

population 

earvad 

Surface  water  usage  (mgd)  Ground  water  usage  (mgd) 
Average  Maximum  Average  Maximum 

daily  monthly  daily  monthly 

Total  usage  (mgd) 
Average  Maximum 
daily  monthly 

Municipal 

1966 

2,368 

0.4 

0.9 

0.2 

0.3 

0.6 

1.2 

I960 

2,600 

0.4 

0.6 

0.1 

0.2 

0.5 

0.7 

2000 

3.480 

0.6 

0.8 

0.2 

0.3 

0.8 

1.1 

2020 

4,860 

0.9 

1.3 

0.2 

0.3 

1.1 

1.6 

Rural  Individual 

1966 

212 

— 

— 

0.0 

0.0 

0.0 

0.0 

I960 

200 

— 

— 

0.0 

0.0 

0.0 

0.0 

2000 

220 

— 

~ 

0.0 

0.0 

0.0 

0.0 

2020 

260 

— 

0.0 

0.0 

0.0 

0.0 

Total* 

1966 

2.600* 

0.4 

0.9 

0.2 

0.3 

0.6 

1.2 

1960 

2,800* 

0.4 

0.6 

0.1 

0.2 

0.6 

0.7 

2000 

3,700* 

0.6 

0.8 

0.2 

0.3 

0.8 

1.1 

2020 

6.100* 

0.9 

1.3 

0.2 

0.3 

1.1 

1.6 

Summer 

Population 

1966 

23,000 

— 

2.6 

— 

0.9 

— 

3.5 

I960 

36,000 

— 

4.0 



1.4 

— 

5.4 

2000 

69,000 

— 

6.7 

2.2 

— 

8.9 

2020 

106.000 

- 

12.0 

- 

4.0 

- 

16.0 

Not*:  All  usage  figures  an  rounded  to  one  decimal  place. 


* Does  not  include  tummer  population. 
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Based  on  projections  of  population  and  water* 
oriented  recreation  activities,  substantial  growth  is 
expected  for  the  San  Juan  Islands  in  the  years  ahead. 
To  adequately  provide  for  this  future  expansion, 
water  supply  planning  is  urgently  needed. 

The  San  Juan  Islands  receive  relatively  little 
precipitation  and  produce  small  runoff  volumes  or 
ground-water  recharge.  The  economic  potential  here 
can  be  realized  only  by  overcoming  the  expected 
water  supply  deficiencies. 

Accurate  data  on  the  total  amount  of  water 
that  is  available  for  development  does  not  exist  for 
this  area,  but  it  is  evident  that  a lack  of  sufficient 
fresh  water  will  become  an  acute  problem  with 
further  residential  development  and  expected  in- 
creases in  summer  population. 

With  maximum  month  water  demand  projec- 
tions for  the  year  2020  standing  at  nearly  70  mgd 
(includes  the  summer  population  water  use)  and  a 
present  water  usage  of  about  4.7  mgd  during  the 
maximum  month,  it  may  be  seen  that  there  is 
considerable  room  for  water  supply  shortages  to 
develop.  While  accurate  data  on  the  dependable  yields 
and  capacities  of  the  systems  located  on  the  islands 
are  not  readily  available  for  comparison,  it  is  felt  that 
at  the  present  time  many  supplies  are  near  their 
capacities  during  this  period.  Noticeable  drops  in  the 
water  table  have  occurred  in  some  areas  and  instances 
of  saltwater  intrusion  to  some  wells  have  been 
reported.  Indications  are  that  limited  water  is  avail- 
able for  further  development. 

The  water  supply  for  the  town  of  Friday 
Harbor  is  estimated  to  have  a capacity  of  0.86  mgd. 
With  maximum  monthly  usage  presently  nearing  0.7 
mgd,  this  system-the  major  water  purveyor  on  the 
islands-is  approaching  its  capacity.  Table  12-9  shows 
present  and  future  water  needs. 

WATER  RECLAMATION 

A possible  avenue  of  approach  to  solution  of 
future  water  shortages  in  this  area  is  desalination. 
Although  this  would  be  a relatively  expensive  source, 
future  justification  may  be  forthcoming  in  the  light 
of  future  projections  and  other  available  water 
sources.  Numerous  desalting  plants  are  now  in  oper- 


ation in  the  United  States.  Key  West,  Florida; 
Buckeye,  Arizona;  Coalings,  California;  and  Roswell, 
New  Mexico  are  cities  which  rely  wholly  or  in  part  on 
desalination  facilities. 

Costs  associated  with  desalination  are  de- 
creasing with  improved  technology,  but  in  most 
instances  use  of  desalination  facilities  are  econ- 
omically feasible  only  in  situations  where  the  nearest 
potable  water  supply  is  a considerable  distance  away. 
This  is  the  case  in  the  San  Juan  Islands  which  are 
surrounded  by  marine  waters,  but  detailed  analyses 
would  be  required  to  determine  if  this  solution  is  a 
favorable  one  when  compared  with  other  possible 
alternatives. 

The  Key  West  Desalting  Plant  (2.62  mgd)  might 
be  used  for  determination  of  cost  estimates.  This 
plant  utilizes  the  multistage  flash  evaporation  process 
to  deliver  desalted  water  at  approximately  85  cents 
per  1,000  gallons  with  fuel  oil  as  the  source  of 
energy.  The  U.S.  Atomic  Energy  Commission  predicts 
costs  as  low  as  19  cents  per  1 ,000  gallons  for  the 
integrated  nuclear  power  desalting  plants  by  1980, 
but  costs  of  this  order  will  be  realized  only  in 
extremely  large  plants  producing  500  to  800  n^d. 

It  is  estimated  that  a water  desalination  plant  of 
sufficient  size  to  provide  10  mgd  would  cost  about 
513,500,000  based  on  studies  made  for  the  Key  West 
area.  In  the  San  Juans,  construction  of  a plant  of  this 
size  would  assume  that  the  future  needs  of  10  to  13 
mgd  would  occur  primarily  in  one  area  which  does 
not  appear  to  be  very  realistic.  While  most  of  the 
demands  may  be  generated  in  the  Friday  Harbor  area, 
other  areas  will  also  become  important  for  water 
supply.  A possibility  here  would  be  the  installation  of 
smaller  size  desalination  units  which  would  provide 
for  more  localized  areas  of  population  and  recreation 
concentrations.  The  cost  of  construction  of  a 2.4  mgd 
plant  was  determined  to  be  about  $3,560,000  in  the 
Key  West  studies. 

WATER  TRANSPORT 

In  addition  to  desalination,  an  alternative  for 
additional  water  supply  would  be  barging  of  water 
from  the  mainland  to  storage  areas  on  the  islands. 
This  alternative,  however,  does  not  appear  to  be 
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economically  feasible  based  on  a transportation  need 
of  10  mgd.  This  would  involve  barging  nearly  50,000 
cubic  yards  or  about  42,000  tons  of  fresh  water  daily 
to  the  islands. 


LAND  TREATMENT  FOR 
RAINFALL  RECOVERY 

The  use  of  catch  basins  or  catchment  areas  to 
gather  water  for  storage  may  be  a possibility.  The  San 


Juans  do  not  receive  an  excess  of  rainfall,  but  basins 
might  be  used  on  a local  basis.  Detailed  studies  would 
be  required  to  determine  the  feasibility  of  this 
alternative  and  a way  of  integrating  separate  areas  for 
maximum  yield  to,  as  an  example,  a water  treatment 
plant. 

A critical  water  supply  situation  appears  to  be 
developing  in  the  Sian  Juan  Islands.  Water  supply 
studies  keyed  to  the  solution  of  impending  water 
shortages  are  urgently  needed  and  should  be  initiated 
at  the  earliest  possible  date. 


TABLE  12-9.  M & I Water  Supply  Capital  Improvements  in  the  San  Juan  Islands 


M 

. G.  0. 

Present 

Future 

1966 

1966-1980 

1980-2000 

2000-2020 

Population  Served 

1,212 

1,400 

2,000 

3,260 

FRIOAY  HARBOR 

Optimum 

0.8 

0.9 

1.3 

2.1 

Capital  Improvements 

0.1 

0.1 

0.4 

0.8 

Population  Served 

1,176 

1,200 

1,480 

1,600 

SMALL  * RURAL 

COMMUNITY  SYSTEMS 

Optimum 

0.8 

0.8 

10 

11 

0.3 

— 

0.2 

0.1 

Population  Served 

23,000 

36,000 

69,000 

106,000 

SUMMER  TOTAL 

POPULATION 

Optimum 

16.1 

23.7 

38.8 

69.7 

12.6 

8.6 

16.1 

30.9 

Population  Served 

2,388 

TOTAL1 

Capital  Improvements 

0.4 

0.1 

0.6 

0.9 

NOTE:  Figures  am  rounded. 

1 Does  not  include  summer  population. 
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WHIDBEY-CAMANO  ISLANDS 

INTRODUCTION 


Whidbey-Camano  Islands,  Figure  13-1,  are  loca- 
ted in  the  north  end  of  Puget  Sound,  just  west  of  the 
Skagit  and  Stiilaguamish  River  deltas. 

The  fresh  water  supply  for  the  islands  (almost 
entirely  ground  water),  although  reasonably  adequate 
for  present  needs,  is  considered  not  capable  of  devel- 
opment to  meet  the  expanding  needs  of  any  signifi- 
cant population  and  industrial  growth.  Therefore, 
accurate,  complete  data  are  required  to  permit  intel- 
ligent planning  of  new  water  supplies  in  the  imme- 
diate future. 


GEOGRAPHY 

Whidbey  and  Camano  Islands  comprise  a total 
land  area  of  210  square  miles  and  have  a generally 
low,  flat  terrain,  with  maximum  elevation  less  than 
600  feet  above  sea  level.  Whidbey  Island,  the  larger  of 
the  two,  is  a narrow  island  about  40  miles  long,  lying 
in  a north-south  direction  from  northern  Puget  Sound 
to  the  Rosario  Strait  east  of  the  San  Juan  Islands.  It  is 
separated  from  the  mainland  by  deep  salt  water 
channels  2 or  more  miles  wide,  except  at  the  northern 
end,  where  the  channel  narrows  to  1 300  feet  at 
Deception  Pass.  The  island  is  generally  flat  and 
rolling,  with  elevations  lets  than  500  feet,  and  has  a 
land  area  of  168  square  miles.  The  shoreline  is  rela- 
tively steep,  and  falls  away  sharply  to  narrow 
beaches. 

Camano  Island,  16  miles  long  with  an  area  of 
38  square  miles,  also  lies  in  a north-south  direction, 
and  is  about  evenly  spaced  between  central  Whidbey 
Island  and  the  mainland.  It  is  low  and  level,  except  at 
the  northern  end,  where  it  rises  to  580  feet  above  sea 
level. 

Both  islands  are  connected  to  the  mainland  by 
bridges  at  their  northern  ends.  In  addition,  Whidbey 
Island  is  served  by  ferry  connections  from  Port 
Townsend  to  its  central  portion  at  Keystone  and 
from  Mukilteo  near  Everett  on  the  mainland  to 
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CLIMATE 

The  climate  of  the  islands  is  generally  mild  and 
uniform  because  of  the  small  range  of  elevations,  the 
rain  shadow  effect  of  the  Olympic  Mountains,  and 
the  tempering  effect  of  the  surrounding  waters.  Mean 
annual  precipitation  is  about  22  inches;  15  percent 
falls  during  the  summer  months  of  June  through 
August,  and  65  percent  falls  during  October  through 
March.  Average  annual  precipitation  ranges  from 
17.73,  measured  at  the  U.S.  Weather  Bureau  station 
in  Coupeville  on  the  western  portion  of  Whidbey 
Island,  to  25  inches  in  the  southern  part  of  the  island 
and  on  Camano  Island. 

POPULATION 

The  population  of  the  islands,  20,200  in  1965, 
has  shown  a rapid  growth  from  about  1 1 ,000  in  1950 
to  19,638  in  1960.  This  1 10-percent  increase  for  the 
15-year  period  compares  with  a statewide  increase  of 
about  20  percent.  Most  of  the  increase  has  resulted 
from  the  establishment  of  military  bases  near  Oak 
Harbor  and  Crescent  Harbor.  Greater  population 
growth  would  probably  have  occurred  if  better  access 
were  available  to  metropolitan  Seattle. 

ECONOMY 

Economic  conditions  or.  the  islands,  as 
reflected  by  employment,  are  good.  Employment  in 
agriculture,  forestry,  and  fishing  has  deer  eared  since 
1950,  but  all  other  industries  have  increased  their 
number  of  employees,  so  that  the  total  number  of 
persons  employed  in  I960  exceeded  3,870.  This 
figure  excludes  Federal  employees  at  military  installa- 
tions, which  contribute  substantially  to  the  economic 
health  of  the  islands. 

LAND  USE 

About  63%  (85,000  acres)  of  the  land  in  the 
Whidbey-Camano  Islands  is  considered  forest  land, 
consisting  of  forest  or  brush  which  has  replaced  the 


13-1 


TABLE  13-1.  General  land  use. 


native  forest.  In  land  use,  cropland,  or  farming  areas, 
ranks  second  consuming  23,000  acres,  (19%  of  the 
total  area). 

Due  to  the  area’s  recreation  potential  for 
summer  and  retirement  homes  and  the  excellent 
growing  season,  cropland  and  urban  buildup  areas  are 
expected  to  increase  in  acreage  in  the  future. 


Cropland 
Rangeland 
Other  land 
Urban  buildup 
Inland  water 

Total  land  and  inland  water 


Source:  Appendix  III,  Hydrology. 


PRESENT  STATUS 


Presently  available  fresh  water  supplies,  almost 
exclusively  ground  water,  are  at  best  marginally 
capable  of  satisfying  existing  municipal  and  industrial 
demand.  The  supply  problem  can  be  expected  to 
become  acute  with  significant  growth  in  population 
and  industry. 


significant  water  user  in  the  basin,  however,  so  the 
figure  of  2.66  mgd  provides  a fairly  accurate  index  of 
total  use.  Municipal  consumers,  including  Whidbey 
Island  Naval  Air  Station,  use  about  77  percent  of  the 
total  water  used  in  the  Islands.  Table  13-2  shows  a 
breakdown  of  water  use  on  the  islands. 


WATER  USE 

Water  use  on  Whidbey  and  Camano  Islands 
presently  averages  about  2.32  mgd.  This  reflects  only 
municipal  and  rural-individual  use.  Industry  is  not  a 

TABLE  13-2.  Water  use  (1965). 


Municipal 

About  16,185  municipal  consumers  on 
Whidbey  and  Camano  Islands  use  an  average  of  2.1 
mgd,  an  overall  per  capita  use  rate  of  123  mgd.  About 


daily  monthly  daily 


Clinton 

Rural  community  tyttarra 


Maximum 

Maximum 

monthly 

daily 

j 


7,600  municipal  consumers  in  Oak  Harbor,  Langley, 
and  Coupeville,  the  three  largest  Whidbey  Island 
communities,  use  an  average  of  0.S9  mgd,  a per  capita 
use  of  77  gpd.  Table  13-3  shows  water  use  in  these 
three  communities. 

Nearly  1 ,900  municipal  users  on  Camano  Island 
use  an  average  of  0.22  mgd,  a per  capita  use  of  117 
gpd.  The  4,800  municipal  consumers  at  Whidbey 
Island  Naval  Air  Station  use  an  average  of  1.0  mgd, 
about  38  percent  of  total  basin  use  and  a per  capita 
use  of  208  gpd.  The  per  capita  use  in  the  island  com- 
munities is  substantially  lower  than  the  municipal  per 
capita  use  for  other  basins  or  for  the  Naval  Air  Sta- 
tion, reflecting  the  rural  nature  of  the  area  and  the 
existence  of  substandard  water  supplies. 


TABLE  13-3.  Water  use  in  major  island  cities. 


Oak 

Harbor 

Lang- 

••V 

Coupe- 

ville 

Population  served 

5.1 00.00 

1 .250.00*  1,290.00 

Total  connections 

1,388.00 

346.00 

430.00 

Watar  requirements 
Annually  (mg) 

128.00 

4940 

3700 

Average  daily  (mgd) 

0.36 

0.14 

0.12 

Peak  daily  (mgd) 

1.10 

0.25 

0.20 

Par  capita  use  (gpd) 

68.00 

112.00 

78.00 

* About  00  customers  on  Sandy  Point  and  vicinity  are 


Industrial 

Present  industrial  demands  for  fresh  water  are 
small,  and  are  supplied  on  an  individual  basis  by  the 
various  small  industries.  No  specific  data  on  industrial 
use  are  presently  available. 

Rural-Individual 

An  estimated  4,015  persons  in  rural  areas 
(photo  13-1),  not  served  by  municipal  water  tystems, 
use  a daily  average  of  0.22  mgd  and  a maximum 
monthly  usage  of  0.44  mgd.  This  reflects  an  average 
per  capita  use  of  less  than  55  gpd. 

WATER  SUPPLIES 

Ground  water  is  the  source  of  supply  for  all 
water  systems  on  the  islands,  with  one  exception.  The 
Naval  Air  Station  at  Ault  Field  is  supplied  by  the  city 
of  Ana cortes,  which  utilizes  the  Skagit  River  as  its 
source  of  supply.  This  system  is  described  in  the 
Skagit -Samish  Basin  report. 


PHOTO  13-1.  Rural-individual  use,  supplied  from 
ground  water  sources,  accounts  for  about  20  percent 
of  all  water  used  in  the  basin. 

Municipal 

The  municipal  water  systems  of  Oak  Harbor, 
Langley,  and  Coupeville  supply  6,195  of  the  16,185 
people  served  by  public  systems  on  the  islands. 

Coupeville,  the  county  seat  of  Island  County, 
lies  on  the  south  shore  of  Penn  Cove  in  central 
Whidbey  Island.  The  town  doubled  in  size  between 
1950  and  1960,  primarily  as  a result  of  the  buildup  of 
the  U.S.  Naval  Air  Station  near  Oak  Harbor. 

The  Coupeville  water  system  serves  a greater 
area  than  any  other  system  in  Island  County.  Histori- 
cally, this  is  the  result  of  a decision  years  ago  to  seek 
customers  outside  the  city  limits  to  support  the 
system,  and  the  purchase  of  the  Fort  Casey  infiltra- 
tion galleries  to  supplement  the  town’s  water  source. 
Coupeville  also  sells  water  to  a number  of  summer 
homes  several  miles  west  of  the  city  limits,  although 
the  city  does  not  own  the  distribution  mains  beyond 
its  incorporated  limits. 

Data  on  Coupeville’s  water  supply  are  listed  in 
Table  13-4. 

Well  No.  ! was  the  victim  of  sea-water  infiltra- 
tion several  years  ago,  but,  following  several  years  of 
inactivity,  it  was  returned  to  service  with  a smaller 
pump.  The  water  is  extremely  hard,  and  extensive 
pumping  will  cause  further  deterioration  in  its 
quality,  making  it  unacceptable.  The  town  relies 
primarily  on  the  softer  water  from  the  Fort  Casey 
infiltration  galleries  as  a source  of  supply,  although 
these  galleries  are  drawn  nearly  dry  during  periods  of 
peak  water  demand.  Well  No.  2 yields  hard  water,  and 
is  presently  being  used  on  a standby  basis  only, 
because  it  has  been  pumping  sand  recently.  Extensive 
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TABLE  13-4.  Coupeville  water  supply. 


Source 

Yield 

Well  No.  1 

140  jpm 

(0.20  mgdl 

Well  No.  2 (etendbyl 

166  gpm 

(0.24  mgdl 

Infiltration  galleria* 

166  gpm 

(0.18  mgdl 

Total  afe  yield 

470  gpm 

(0.62  mgdl 

renovation  will  be  necessary  to  restore  this  well  to 
satisfactory  everyday  use. 

Lack  of  a good  and  adequate  water  supply  is  a 
significant  factor  in  development  in  the  Coupeville 
area.  The  U.S.  Geological  Survey,  in  its  ground-water 
survey  of  Island  County,  concludes  that  the  water 
table  in  the  Coupeville  area  is  hydraulically  connected 
with  Puget  Sound,  and  that  there  is  no  substantial 
quantity  of  potable  groundwater  available  in  the  area. 


Langley  is  the  smallest  of  Island  County's  incor- 
porated cities  and  the  only  one  located  on  the  south 
end  of  Whidbey  Island.  Its  population  has  remained 
fairly  constant;  its  presently  estimated  population  of 
472  is  slightly  less  than  the  1940  high  of  SOS. 

The  existing  water  system  in  Langley  serves  not 
only  the  incorporated  city  but  also  areas  to  the  west 
and  east  of  the  town.  In  addition,  it  serves  the  South 
Whidbey  consolidated  schools,  which,  with  an  enroll- 
ment of  approximately  800,  constitute  a major 
customer. 

The  Langley  system  relies  on  three  wells  as  its 
source  of  supply,  is  listed  in  Table  13-5.  The  city  has 
not  experienced  water  shortage,  even  though  the 
existing  storage  capacity  is  less  than  one-fourth  the 
peak  daily  demand.  It  is  apparent  from  Tables  13-3 
and  13-5,  that,  with  care,  Langely  has  an  adequate 
water  supply  to  meet  its  own  needs  and  those  of  its 
outlying  areas  for  the  immediate  future.  Further,  it  is 
expected  that  the  city  can  develop  its  present 
aquifers  for  additional  future  supplies. 

TABLE  13-6.  Langley  water  supply. 


Wall  No.  1 
Wall  No.  2 
Wall  No.  3 

Total 


YMd 


90  gpm  10.13  mad) 
lOOgpm  (0.16  medl 
200  gpm  (049  mgdl 

300  gpm  (047  mgdl 


Oak  Harbor  is  situated  on  North  Whidbey, 
adjoining  the  Whidbey  Island  Naval  Air  Station.  It 
was  a small  community  of  3S0  in  1940  with  a history 
of  slow  growth,  but  with  the  establishment  of  the 
Naval  Air  Station  nearby,  its  population  mushroomed 
to  a 1967  figure  of  5,100,  making  it  the  largest  city  in 
the  county. 

Oak  Harbor  obtains  its  water  supply  from  seven 
wells  with  a combined  pumping  capacity,  as  shown  in 
Table  13-6,  adequate  to  meet  present  peak  water 
demands.  To  date,  the  city  has  not  experienced  any 
water  shortage  because  present  policy  restricts  water 
service  to  the  city  proper,  so  that  the  many  trailer 
courts  and  developments  on  the  fringes  of  the  city 
must  rely  on  their  own  individual  water  supplies. 

However,  the  need  for  an  additional  source  of 
water  is  urgent.  It  is  evident  from  the  data  in  Tables 
13-5  and  13-8  and  population  projections  that  Oak 
Harbor  will  not  be  able  to  meet  estimated  peak  water 
demands  after  1975.  The  Naval  Air  Station  also 
urgently  needs  water,  and,  unless  agreement  is 
reached  soon  between  the  Navy  and  the  City,  will 
proceed  unilaterally  to  construct  a water  pipeline  to 
meet  its  own  requirements. 

Clinton.  Clinton,  for  the  last  several  years,  has 
been  exploring  ways  of  upgrading  its  supplies  to 
improve  the  quantity  and  quality  of  its  wells. 

Industrial 

There  are  no  sizeable  individual  industrial  water 
supplies  on  the  islands. 

Rural-Individual 

About  1,900  individual  water  systems  supply 
an  estimated  4,015  persons.  All  of  these  systems 
obtain  their  supplies  of  water  from  ground  sources. 


TABLE  13-6.  Oak  Harbor  water  supply. 


Source 

Yield 

WeHNo.3 

76  gpm 

(0.11  mgdl 

Well  No.  6 

300  gpm 

(0.43  mgdl 

Well  No.  6 

600  gpm 

(0.72  mgdl 

Well  No.  7 

100  gpm 

(0.14  mgdl 

Well  No.  8 

210  gpm 

(040  mgdl 

Well  No.  9 

200  gpm 

(049  mgdl 

Wen  No.  10 

160  gpm 

(043  mgdl 

Total 

1448  gpm 

(242  mgdl 

13-4 


J 


1 

\i 


WATER  RIGHTS 

There  are  247  recorded  water  rights  in  the 
Whidbey-Canumo  Islands;  of  these,  97  are  surface  and 
ISO  are  ground  (1966-1967).  Recorded  prime  water 
rights  for  the  Whidbey-Camano  Island  area  indicate  a 
total  allowable  rate  of  diversion  of  7 mgd,  S mgd 
being  used  for  irrigation  purposes.  In  addition  0.1 
mgd  has  been  appropriated  under  supplemental 
rights. 

In  total,  147  acre  feet  (SO  mg)  per  year  has 
been  appropriated  under  three  reservoir  storage 
rights. 

Consumptive  appropriation  closures  have  not 
been  imposed  on  any  streams  in  this  area,  however, 
one  diversion  on  a small  stream  is  subject  to  a 
low-flow  restriction. 

As  of  September  30,  1966,  a total  quantity  of 
20  mgd  had  been  appropriated  under  prime  ground 
water  right  permits  and  certificates  in  the  Whidbey- 
Camano  Islands.  No  supplemental  instantaneous  rates 
of  withdrawals  have  been  granted  under  rights  in  this 
area.  Ground  water  applications  on  file  indicated  six 
developments  were  under  consideration  to  withdraw 
additional  quantities  at  rates  totaling  0.6  mgd. 


TABLE  13-7.  Consumptive  water  rights. 


Type 

Muni- 

cipal 

(mgd) 

Indi- 
vidual 
and 
com- 
munity 
domes- 
tic (mgd) 

Indue 

trial 

and 

com- 

mercial 

(mgd) 

Surface  water 



1.8 

_ 

Ground  water 

1.3 

14.0 

1.6 

Totals 

1.3 

1S.8 

1.6 

a About  9 mgd  in  additional  appropriate  rights  have 
baan  granted  for  other  consumptive  uses  in  the 
basin. 


Under  prime  rights  14  mgd  or  about  70  percent 
of  the  total  appropriated  quantity  can  be  applied  to 
individual  and  community  domestic  supplies. 
Quantitatively  irrigation  use  ranks  second  in  import- 
ance with  a total  appropriation  of  7 mgd. 

A few  wells  have  been  developed  by  com- 
munity water  companies  with  production  rates  as 
high  as  0.7  mgd,  however,  the  majority  of  the  wells 
produce  less  than  0.14  mgd.  The  average  capacity  of 
weBs  in  this  basin  is  about  0.12  mgd.  Table  13-7 
shows  water  rights  and  applications  in  the  Whidbey- 
Caman<  Basin. 


WATER  RESOURCES 


Quantities  of  both  surface  and  ground  water  are 
limited  in  the  islands,  and  are  not  sufficient  to 
support  more  than  minor  increases  in  domestic  and 
industrial  demand. 

SURFACE  WATER 

The  only  surface  water  on  the  islands  consists 
of  small  streams,  mostly  intermittent,  and  several 
small  lakes.  Surface  water  is  not  used  as  a fresh  water 
source,  other  than  the  role  it  plays  in  recharging  the 
ground  water  supplies 

Quantity  AwaiMrig 

•toemsL  Although  there  an  no  perennial 
streams  in  the  northern  portion  of  Whidbey  Island, 
and  only  a few  in  other  portions  of  either  Whidbey  or 
Camano  Islands,  there  is  some  surface  drainap  to 
marine  waters  through  several  small,  mostly  intermit- 
tent, streams.  There  are  also  several  small  lakes  on  the 
Islands  with  a combined  area  of  about  747  acres. 


Average  annual  runoff  from  the  area  has  been 
estimated  to  be  about  168,000  acre-feet,  or  68  per- 
cent of  the  average  annual  precipitation.  Of  the 

168.000  acre-feet,  Whidbey  Island  discharges  about 

136.000  acre-feet  and  Camano  about  32,000  acre- 
feet.  The  least  annual  runoff  is  expected  to  occur 
once  in  SO  yean  and  has  been  estimated  to  be  about 

72.000  acre-feet. 

Pams,  Impoundments,  and  Lakes.  There  are  a 
number  of  small  lakes  on  the  two  islands,  but  most 
are  smaller  than  IS  acres  each.  The  three  largest  lakes 
on  Whidbey  Island  are  Cranberry  Lake  (128  acres), 
Lone  Lake  (92  acres),  and  Deer  Lake  (82  acres). 
These  lakes  generally  are  in  equilibrium  with  the  local 
ground  water  table. 

While  the  above  figures  indicate  that  a substan- 
tial surface  water  potential  exists  for  the  islands, 
closer  inspection  reveals  that,  because  of  the  flat 
nature  of  the  terrain,  tapping  these  supplies  to  a 
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significant  extent  would  be  extremely  complex  and 
costly. 

Quality 

Little  information  is  currently  available  on  the 
quality  of  surface  water  in  the  islands.  Routine 
surface  water  quality  measurements  have  not  been 
made. 

Quantity  Available 

The  Whidbey-Camano  Islands  are  characterized 
by  extensive  Quaternary  deposits  underlying  the 
entire  land  surface.  Much  of  these  are  till  and  out- 
wash  having  low  water  content  because  of  their  fine 
compacted  nature. 

GROUND  WATER 

Ground  water  sources  are  recharged  entirely  by 
local  precipitation  and  are  thus  limited.  Quality  varies 
substantially,  but  in  general  is  inferior  to  that  of 
other  basins  in  the  Puget  Sound  Area. 

Below  the  till  bodies,  however  are  found  many 
aquifers  of  significance.  Those  above  sea  level  are  a 
limited  source  of  ground  water.  Those  aquifers  found 
below  sea  level  generally  exhibit  artesian  conditions 
and  are  the  principal  source  of  water  used  on  the 
islands. 

Precipitation  is  the  only  source  of  recharge  to 
the  island  aquifers.  Although  about  10,000  acre-feet 
of  recharge  is  available  to  the  aquifers  above  sea  level, 
it  is  estimated  that  only  about  60  to  70  percent  of 
this  is  actually  absorbed  by  them. 

Quality 

The  quality  of  ground  water  in  the  islands  is 
generally  adequate  for  domestic  uses,  but  is  not  of  as 
good  quality  as  ground  water  in  other  parts  of  the 

PRESENT  AND 

Local  supplies  of  water  must  come  from  ground 
sources  because  the  Islands  contain  no  perennial 
streams  or  lakes  capable  of  furnishing  enough  water 
to  meet  the  needs.  Ground  supplies  depend  on 
rainfall  for  replenishment,  and  this  has  proved  inade- 
quate in  some  cases.  Populated  areas  have  experi- 
enced water  shortages  or  have  had  to  rely  on  highly 
mineralized  water. 

Most  of  the  land  remains  forest-covered.  Agri- 
culture has  diminished  in  importance  during  the  past 


Puget  Sound  Area.  The  concentration  of  dissolved 
solids  in  ground  waters  of  the  islands  usually  ranges 
between  100  and  300  mg/1,  with  values  above  300 
mg/1  in  some  places.  Hardness  values  (calcium  carbon- 
ate) are  usually  less  than  120  mg/1  on  southern 
Whidbey  Island  and  greater  than  120  mg/1  on  the  rest 
of  Whidbey  Island  and  Camano  Island.  The  water  in 
the  Coupeville  system  is  among  the  hardest  in  the 
county;  samples  from  the  wells  tested  by  the 
Washington  State  Health  Department  yield  hardness 
values  of  more  than  800  mg/1,  as  measured  in  terms 
of  calcium  carbonate  hardness. 

Objectionable  concentrations  of  iron  have  been 
reported  in  both  shallow  and  deep  wells  in  certain 
definite  areas  and  some  scattered  locations  on 
Whidbey  Island.  The  Coupeville  water  is  also  high  in 
iron  content  and  releases  a sulfide  odor  when  the 
water  is  heated. 

One  well  on  Whidbey  Island  reportedly  has 
been  abandoned  because,  through  excessive  pumping, 
salt  water  has  entered  the  contributing  ground  water 
supply.  The  Coupeville  vicinity  is  particularly 
troubled  with  sea-water  infiltration,  as  are  numerous 
wells  along  some  coastal  areas. 

Other  factors  besides  the  location  of  the  well 
appear  to  affect  the  water  quality.  Rainfall  may  cause 
seasonal  variations  in  the  ground  water,  especially  in 
locations  where  the  aquifer  lies  near  the  land  surface. 
Evidence  is  not  conclusive,  but  there  are  indications 
that  the  quality  of  the  ground  water  deteriorates 
progressively  with  depth  below  sea  level,  and  an 
increase  in  the  rate  of  ground  water  withdrawal 
generally  results  in  an  increase  in  the  dissolved  solids 
content  of  the  water.  As  a result  of  increased  use,  the 
added  drawdown  of  the  water  table  results  in  an 
increasing  percentage  of  harder  water,  presumably 
from  greater  depths. 

FUTURE  NEEDS 

several  years.  Population  is  concentrated  along  the 
shorelines  of  Camano  and  Whidbey  Islands  in  platted 
subdivisions  outside  incorporated  cities.  Each  sub- 
division has  developed  its  own  small  system  so  that 
now  1 SO  individual  systems  serve  about  72  percent  of 
both  permanent  residents  and  transient  seasonal 
population.  Lack  of  organized  effort  by  the  individ- 
ual communities  has  resulted  in  a variety  of  water 
supply  systems,  many  of  which  are  substandard  in 
quality,  having  overlapping  service  areas  and  unneces- 
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lapping  of  the  present  individual  systems.  A single 
district  would  be  most  effective  for  Camano  Island. 
These  districts  would  make  most  efficient  use  of 
existing  ground  water  supplies  for  the  present,  with 
provisions  for  connecting  into  the  transmission 
system  as  future  needs  require. 

Based  on  present  supply  and  the  projected 
growth,  it  is  estimated  that  sources  outside  the  Islands 
will  supply  60  percent  of  the  total  water  needs  by 
1985,  75  percent  in  the  year  2000,  and  90  percent  in 
2020. 

Projected  population  growth  and  the  corre- 
sponding water  needs  are  shown  in  tables  13-8, 13-9, 
and  13-10  for  the  years  1980,  2000,  and  2020, 
respectively.  Future  water  needs  are  summarized  in 
Table  13-11. 


sary  duplication  of  facilities.  At  the  same  time, 
certain  areas  that  lack  adequate  ground  water  do  not 
have  access  to  existing  ground  water  resources. 

Continuing  population  growth,  coupled  with 
increased  per  capita  water  re  quirements,  narrows  the 
surplus  pp  between  supply  and  demand  for  fresh 
water.  The  increased  per  capita  use  is  caused  prima- 
rily by  the  increase  in  water  consuming  appliances, 
gardening,  and  fire  protection  requirements  stipulated 
in  mortgage  loan  contracts. 

Individual  water  systems  still  serve  many  areas 
where  population  growth  would  make  a community 
system  feasible.  The  systems  of  Langley  and 
Coupeville  serve  a considerable  area  outside  their 
respective  corporate  limits.  The  U.S.  Navy  facilities 
are  supplied  from  the  Anacortes  system. 

Wells  along  the  shoreline  of  Whidbey  and 
Camano  Islands,  particularly  near  Coupeville,  are 
troubled  with  tea  water  infiltration,  a problem  that 
becomes  more  acute  with  an  increase  in  water  drawn 
from  the  wells. 

The  northern  part  of  Whidbey  Island  is  popu- 
lated primarily  with  permanent  residents,  whereas  in 
southern  Whidbey  and  Camano  Islands,  a transient 
seasonal  and  recreational  population  predominates. 

Although  some  isolated  areas  are  presently 
experiencing  a fresh  water  shortage,  with  proper 
distribution  and  utilization,  available  ground  water 
should  be  adequate  to  supply  the  demand  until  about 
tha  year  1985.  The  projected  normal  population 
growth  (Figure  13-2)  will  increase  the  water  require- 
ments so  that  by  1985  out-of-basin  water  sources  will 
be  necessary. 

The  three  adequate  sources  outside  the  Island 
are:  the  Anacortes  municipal  supply,  the  Skagit  FIGURE  13-2.  Projected  population  growth 
River,  and  the  StiUaguamiah  River.  The  U.S.  Navy  is 
planning  to  construct  a water  transmission  line  from 
Anacortes  to  the  Naval  Air  Station,  and  with  proper 
planning,  this  could  be  developed  as  a cooperative 
project  capable  of  supplying  the  water  needs  of  the  o 

Naval  Air  Station  as  well  ae  all  of  Whidbey  Island  as  R / 

far  south  as  Coupeville.  The  remainder  of  the  island  a 

would  be  adequately  supplied  by  ground  sources  until  p Jy 

1985,  after  which  the  line  from  Anacortes  could  be  Jt>jr 

extended  to  sane  the  entire  island.  (See  Figure  13.3). 

A separate  single  system  serving  all  of  Camano  Island  / 


existing  municipal  systems,  could  adequately  handle 
the  water  needs  of  the  whole  of  Whidbey  Island,  and 
would  prevent  the  inefficient  duplies tlon  and  over- 
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TABLE  13-8.  Projected  water  use  (1980). 


MUNICIPAL  USE* 

Oak  Harbor 
Naval  Air  Station 
Coupeville 

Langley.  Clinton.  Camano, 
and  other  rural  community  systems 

Subtotal 

RURAL-INDIVIDUAL  USE 
INDUSTRIAL  USE 
Naval  Air  Station  c 


Estimated 

population 

served 


Maximum 

monthly 


Ground  water  i 
Average 
daily 


*Bacauea  adequate  ground  water  sources  are  not  available  on  the  islands,  it  it  expscted  that  future  growth  will 
be  supplied  almost  entirely  by  surface  sources  outside  of  Whidbey  and  Camano  Islands.  Future  needs  are 
expected  to  be  served  by  outside  surface  sources,  increeaing  to  60  percent  by  1980. 

bBaaed  on  70  gpcd  and  100  percent  served  by  ground  water. 

Supplied  by  Anacartes. 
dFiguiss  are  rounded. 

TABLE  13-9.  Projected  water  use  (2000). 


Estimated 

population 


Maximum 

monthly 


MUNICIPAL  USE" 

Oak  Harbor 
Navel  Air  Station 
Coupeville 

Langley.  Clinton,  Camano,  and 
other  rural  community  systems 

Subtotal 

RURAL-INDIVIDUAL  USE 
INDUSTRIAL  USE 
Naval  Air  Station0 

Vitalii 


— —at  — a m 

D*  RjppiPBO  Union  VmllViy  By  tUnKf 

expected  to  be  served  by  euttlde  surfs 


Me  on  the  Mends,  It  Is  expected  that  future  growth  will 
tside  of  Whidbey  and  Camano  Islands.  Future  needs  are 
Inoraaalng  to  76  percent  by  2000. 


°Supplted  by 

dFlgureaarei 


w 


TABLE  13-10.  Projected  water  use  (2020). 


1 

Eatimatad 

population 

aarvad 

Surface  water  uaaaa  (mod) 
Average  Maximum 

dally  monthly 

Ground  water  uaaga  (mod) 
Average  Maximum 

dally  monthly 

MUNICIPAL  USE* 

Oak  Harbor 

18,550 

— 



_ 

Naval  Air  Station 

10,000 

— 

— 

— _ 

1 

i 

Ooupaville 

4.000 

— 

— 

...  

Lang  lav.  Clinton.  Camano,  and 

other  rural  community  ayatama 

12*22? 

- 

— — 

Subtotal 

44860 

0.3 

13.0 

1.0  1.4 

1 

RURAL-INDIVIDUAL  USB 

4860 

- 

- 

0.6b  0J6 

INDUSTRIAL  USE 

Naval  Air  Station*  _4£  5.0 

Total*1  40.500  13.3  18j0  1.6 

2.2 

**V  the  year  2020,  growth  will  be  auppllad  almoat  entirely  by  aurfaca  aourcee  outaida  of  Whidbay  and 

Cemeno  Itiandi. 

bBaaed  on  HOgpod  and  100  parcant  aarvad  by  ground  water. 


cSuppliad  by  Anacortaa. 
dFlgurea  are  rounded. 

TABLE  13-11.  Summary  of  projected  water  needs. 

Uaa 

Year 

Eatimatad 

population 

aarvad 

Surface  water 

uaaaa  (mad) 

Groundwater 

utene  (mail 

Total 

usage  (medl 

Awragt 

daily 

Maximum 

monthly 

Average 

dally 

Maximum 

monthly 

Averap 

dally 

■ Maximum 
monthly 

Municipal 

1865 

16.108 

18 

1.4 

1.1 

2.2 

2.1 

3.6 

1880 

22,800 

2.6 

3.6 

18 

2.6 

4.4 

6.1 

I 

2000 

31880 

58 

7.0 

1.7 

2.4 

6.7 

8.4 

1 

2020 

44860 

8.3 

13.0 

1.0 

1.4 

10.3 

14.4 

Ire  ill  iMalal 

inouHnH 

I860 

_ 

18 

18 

1.6 

1.8 

1880 

— 

28 

2.6 

— 

— 

2.0 

2.6 

2000 

— 

38 

4.0 

— 

— 

38 

4.0 

2020 

— 

48 

6.0 

— 

— 

4.0 

58 

RuraHndMdual 

1888 

4816 



0.2 

0.4 

0.2 

0.4 

1880 

4800 

— 

— 

as 

ae 

a3 

0.4 

8000 

4880 

— 

— 

0.4 

08 

0.4 

0.6 

2020 

4800 

— 

— 

ae 

0.8 

ae  08 

IMafe 

1808 

20800 

28 

38 

1.3 

28 

38 

88 

1880 

28800 

48 

6.1 

2.1 

28 

a7 

8.0 

2000 

30800 

88 

118 

2.1 

38 

iai 

14.0 

2020 

48800 

138 

188 

1.6 

2.2 

148 

20.2 

MEANS  TO  SATISFY  NEEDS 


j 

j 


< 

' 


I 


GENERAL 

The  projected  annual  water  use  is  expected  to 
reach  14  mgd  by  the  year  2020.  This  is  an  increase  of 
approximately  10  mgd  over  the  1965  average  use. 
Optimum  or  peak  water  requirements  will  be  almost 
one  and  one-half  times  this  average  or  nearly  34  mgd. 
Tables  2-12  or  2-13,  the  Area  Plans,  summarize  the 
basins’  annual  average  and  optimum  requirement  in 
relation  to  the  remainder  of  the  Area.  Table  13-12, 
M&l  Water  Supply  Needs,  reviews  the  needs  of  the 
major  water  systems  and/or  users  in  the  basin. 

Present  water  facilities  on  Whidbey  and 
Camano  Islands  with  one  exception  consist  of  many 
small  individual  systems  served  from  ground  water 
sources.  The  exception  is  Whidbey  Island  Naval  Air 
Station  which  uses  surface  water  supplied  via  pipeline 
from  Anacortes. 

Existing  supplies  on  the  Islands  are  not  con- 
sidered to  be  adequate  beyond  1985.  Until  this  time, 
ground  water  is  expected  to  meet  existing  needs. 
Potential  alternative  sources  of  this  additional  water 
are  the  Anacortes  water  system,  the  Skagit  River,  the 
Stillaguamish  River,  and  desalination,  although  the 
latter  alternative  is  considerably  more  costly  at  the 
present  time.  Desalination  is  discussed  in  more  detail 
in  the  San  Juan  Islands  Means  to  Satisfy  Needs 
Section. 

BASIN  PLANS 

Due  to  the  present  demand  on  Whidbey  and 
Camano  Islands  for  recreation  and  retirement  home 
sites,  and  the  anticipated  population  increase,  county- 
wide or  regional  services  have  been  considered  in  both 
the  Selected  and  Alternative  Plans. 

The  Selected  Plan,  Table  13-13,  calls  for  the  use 
of  existing  water  facilities  until  1980.  At  this  time,  it 
suggests  the  Whidbey  Island  and  Camano  Island 
populations  form  separate  service  areas  to  entirely 
serve  each  island.  Whidbey  Island  could  purchase 
water  from  the  Anacortes  Water  System  to  meet  all 
needs  through  2020  and  beyond.  Camano  Island 
would  then  receive  water  developed  by  the  county 
services  from  horizontal  wells  located  in  the  Stilla- 


guamish River.  In  both  cases  existing  bridges  would 
provide  support  to  the  islands  for  the  transmission 
lines. 

The  Alternative  Plan,  Table  13-14,  is  to  develop 
immediately,  by  a county  services  system,  a source  on 
the  Skagit  River  (to  supply  Whidbey  Island)  and  a 
source  on  the  Stillaguamish  River  to  supply  Camano 
Island.  The  development  of  individual  sources  for 
both  islands  has  the  benefit  of  not  having  the  need  of 
an  underwater  crossing  for  the  transmission  line 
between  the  two  islands. 

The  Selected  Plan,  although  nearly  $2  million 
more  expensive,  has  been  chosen  because  of  recom- 
mendations from  recent  engineering  studies. 

Storage  and  distribution  costs  will  remain  the 
same  for  both  plans.  These  costs  are  shown  in  Tables 
2-12  and  2-13,  the  Area  Selected  and  Alternative 
Plans,  respectively. 

Table  13-12,  Summary  of  Projected  Water 
Needs,  shows  the  low  level  of  need  to  2020  from  all 
sources.  On  this  basis,  a surface  water  source  is 
recommended  as  the  least  expensive  alternative,  and 
still  be  adequate  to  satisfy  the  projected  needs. 

FINANCE 

Annual  income  as  taken  from  Tables  2-12  and 
2-13  for  the  Selected  and  Alternative  Plans  indicates 
the  amount  of  money  available  to  apply  for  bond 
service  (approximately  20  percent  of  the  total  annual 
income). 

The  following  figures  indicate  the  monies  avail- 
able for  bond  service  and  the  capital  expenditures 
amortized  for  30  years  at  5%  for  the  Selected  and 
Alternative  Plans. 


Annual  Amortized 


Bond  Service 

Costfx  $1,000) 

Available 

Selected 

Alternative 

Year 

(x  $1,000) 

Plan 

Plan 

1965 

$ 90 

$ 73 

$ 67 

1980 

161 

93 

173 

2000 

250 

281 

158 

2020 

350 

218 

214 
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TABLE  13-12.  M & 1 Water  Supply- 

-Capital  Improvements 

1 

Whidbey-Camano  Islands 

1 

1 

M.G.  D. 

ft 

Preient 

Future 

I 

1965 

1965-1980 

1960-2000 

2000-2020 

Population  Served 

4,540 

7,500 

11,360 

18,550 

* 1 

OAK  HARBOR 

» 

Optimum 

3.0 

4.9 

7.5 

12.2 

Capital  Improvement* 

2.3 

1.9 

2.6 

4.7 

Population  Served 

4,800 

6,000 

8,000 

10,000 

NAVAL  AIR  STATION 

Optimum 

5.0 

6.4 

9.3 

11.6 

Capital  Improvement* 

2.2 

1.4 

2.9 

2.3 

Population  Served 

1,200 

2,000 

3,000 

4,000 

COUPEVILLE 

Optimum 

0.8 

1.3 

2.0 

2.6 

Capital  Improvement* 

0.6 

0.5 

0.7 

0.6 

Population  Served 

5,646 

7,400 

9,500 

12,000 

SMALL  A RURAL 

COMMUNITY  SYSTEMS 

Optimum 

3.7 

4.9 

6.3 

7.9 

I1 

Capital  Improvement* 

2.4 

1.2 

1.4 

1.6 

1. 

Population  Served 

16,185 

22.900 

31.850 

44.550 

l;i 

TOTAL 

Capital  Improvement* 

8 

5 

8 

9 

NOTE:  Figure*  n rounded. 


Costs  as  indicated  by  the  Engineering  News  required  water  supply  development,  and  future  con- 
Record  Index  are  presently  doubling  every  IS  yean.  structkm  would  involve  extraordinary  and  excessive 

It  is  projected  that  by  1980  or  sooner  Whidbey  and  financial  burden  in  relation  to  the  islands’  economic 

Camano  Islands  will  be  unable  to  bond  for  the  resources. 
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TABLE  13-13.  M & I Water  Supply  U*e  Planning— Present  to  year  2020  Selected  Batin  Plan 
Whidbey-Camano  Islands 


Plan 

Level 

Source 

Development 

Year 

of 

Devel. 

Protected 
Annuel 
Wtr.  Use 
MGD 

OPTIMUM 

CAPACITY 

MGO 

1967 

THOUSAND  DOLLARS 
AMORTIZED  MAINTENANCE 

CAPITAL  COSTb  ANDOPER. 

Total 

Annual 

Income 

Supply 

Transm. 

Supply  4 
Transm. 

T reet  1 ron  Pumping 

ment  Removal  Power  Chem. 

OAK  HARBOR 

Present 

GIN 

Local  Ground  Water 

Ex  tat. 

0.4 

1 

f 

4 

47 

Praaant 

GW 

ADO:  2.3  Local  Ground  Water 

1966 

2 

2 

13B 

1380 

GW 

Local  Ground  Water 

1976 

1.4 

2 

2 

120 

16 

164 

NAVAL  AIR  STATION 

6 

6 

$ 258 

Praaant 

GW 

Local  Ground  Water 

Extat 

2.5 

1 

1 

292 

Praaant 

SW 

Purrhaaa  from  Anacortea 

Ex  tat. 

2 

2 

28 

Praaant 

SW 

ADO  2.2mgd  from  Anacortaa 

1966 

2 

2 

286 

165 

1980 

GW 

Local  Ground  Water 

1976 

3.2 

2 

2 

120 

34 

374 

7 

7 

S 406 

165 

COUPEVILLE 

Praaant 

GW 

Local  Ground  Water 

Extat 

0.1 

0.2 

0.2 

12 

Praaant 

GW 

ADO:  0.6  Local  Ground  Water 

1966 

0.6 

0.6 

36 

1980 

GW 

Local  Ground  Water 

1976 

0.4 

0.5 

0.6 

30 

4 

47 

1.3 

1.3 

$ 66 

SMALL  * RURAL  COMMUNITY  SYSTEMS 

Praaant 

GW 

Local  Ground  Water 

Extat. 

0.6 

1 

1 

6 

Praaant 

GW 

AOO:  2.4  Local  Ground  Water 

1965 

2 

2 

144 

70 

1900 

GW 

Local  Ground  Water 

1975 

14 

2 

2 

72 

16 

164 

5 

5 

$ 216 

OAK  HARBOR- 

-NAVAL  AIR  STATION 

COUPEVILLE -SMALL  0 RURAL  COMMUNITY  SYSTEMS 

ALL  SUPPLIED  BY  ISLAND  COUNTY  SERVICE  AREAS 

2000 

SW 

*2Smgd  from  Anaoortat  to  Whidbey  la. 

1965 

10 

26 

26 

3,263 

1.883  103 

1.100 

2020 

SW 

Stillaguamiah  R..  Intake  0 Treat  for 

2006 

14 

9 

9 

1,196 

690  160 

1036 

Camano  Island 

34 

34 

$4,469 

$2,673 

KL1CTEO  BASIN  PLAN  TOTAL 

$8,143 

* IxMMdMlop "MM 

b Dm  km  MU  Mono  and  dttrfcution  cam;  San  Ana  Maant  to  SatMy  Need.  taction. 

* Ad  f^ataa  aaa  raundad 
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TABLE  13-14.  M & I Watar  Supply  Uaa  Planning— Present  to  year  2020  Altar  native  Basin  Plan 
Whiribay— Camano  Islands 


196? 

OPTIMUM  THOUSAND  DOLLARS 


Plan 

Level 

Source 

Development 

Year 

of 

Oevc'. 

Protected 
Annuel 
Wtr.  Uie 
MGO 

CAPACITY 

MGO 

AMORTliEO 
CAPITAL  COSTb 

MAINTENANCE 
AND  OPE  R 

Total 

Annuel 

Income 

Supply 

Trentm, 

Supply  6 Treat  Iron 

Trenrm.  rrwnt  Removal 

Pumping 

Power  Chem. 

PLAN  2 

OAK  HARBOR 

Pretent 

GW 

Local  Ground  Water 

Ex  tot 

0.4 

1 

1 

4 

47 

""" 

GW 

A OO:  2.3  Local  Ground  Wafer 

1996 

2 

2 

138 

9136 

NAVAL  AIR  STATION 

Prmnt 

sw 

Pur cAaw  from  Anaoarfet 

ExNt 

2.5 

2 

2 

292 

Preaent 

GW 

Local  Ground  Wafer 

ExNt 

1 

1 

26 

Pretent 

SW 

ADO:  2.2  from  Anocorfeg 

1966 

2 

2 

286 

6 

6 

$296 

COUPE  VILLE 

Pretent 

GW 

Local  Ground  Wafer 

ExNt 

0.1 

0.2 

0.2 

Pteaent 

GW 

ADO:  0.6  Local  Ground  Wafer 

1966 

0.6 

0.6 

36 

0.8 

0.8 

S 36 

OAK  HARBOR- 

NAVAL  AIR  STATION 

COUPEVILLE 

SUPPLIEO  BY  anacortes 

I960 

SW 

•Skagit  River  (Anacorfed 

1970 

5 

13 

13 

1,638  946 

62 

684 

2000 

SW 

Skagit  River  (Anacorfed 

1966 

8 

6 

6 

806  466 

80 

934 

2020 

SW 

Skfet  RNar  (Anacorfed 

2016 

12 

7 

7 

988  670 

120 

1,402 

26 

26 

$3,432  $1480 

SMALL  O RURAL  COMMUNITY  SYSTEMS 

Pwill 

GW 

Local  Ground  Wafer 

Exiet 

06 

1.3 

1.3 

6 

Prefer* 

GW 

ADO:  2.4  Locd  Ground  Wafer 

1966 

2.4 

2.4 

144 

70 

1900 

GW 

* SWIipmnMi  Mm.  Intaka  • Timl 

1976 

1.4 

1.2 

1.2 

162 

14 

184 

2000 

SW 

StHlaguamidt  RNar,  Intake  6 Treat 

1966 

2.0 

1.4 

1.4 

162 

21 

234 

2020 

SW 

StiHefuemiah  RNar.  Intake  B Treat 

2016 

24 

14 

14 

208 

29 

327 

t 

9 

$666 

ALTERNATIVE  BASIN  PLAN  TOTAL 
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GLOSSARY 

ACRE-FOOT  (ac-ft).  - A unit  commonly  used  for  measuring  the  volume  of  water  or  sediment;  equal  to  the 
quantity  of  water  required  to  cover  one  acre  to  a depth  of  one  foot  and  equal  to  43,560  cubic  feet  or  325,85 1 
gallons. 

ALLUVIUM  - Soil  material,  such  as  sand,  silt,  or  clay,  that  has  been  deposited  by  water. 

AQUIFER  - A rock  formation,  bed,  or  zone  containing  water  that  is  available  to  wells.  An  aquifer  may  be 
referred  to  as  a water-bearing  formation  or  water-bearing  bed. 

ARTESIAN  WATER  - Ground  water  under  sufficient  pressure  to  rise  above  the  level  at  which  the  water-bearing 
bed  is  reached  in  a well.  The  pressure  in  such  an  aquifer  commonly  is  called  artesian  pressure,  and  the  rock 
containing  artesian  water  is  an  artesian  aquifer. 

BASE  FLOW  - See  Base  Runoff 

BASE  RUNOFF  - Sustained  or  fair  weather  runoff.  In  most  streams,  base  runoff  is  composed  largely  of  ground 
water  effluent.  The  term  base  flow  is  often  used  in  the  same  sense  as  base  runoff.  However,  the  distinction  is 
the  same  as  that  between  streamflow  and  runoff.  When  the  concept  in  the  terms  base  flow  and  base  runoff  is 
that  of  the  natural  flow  in  a stream,  base  runoff  is  the  logical  term. 

BASIN  - A geographic  area  drained  by  a single  major  stream. 

cfi  (Cubic  Foot  par  Second)  - A unit  of  discharge  for  measurement  of  flowing  liquid  equal  to  a flow  of  one  cubic 
foot  per  second  past  a given  section.  Also  called  second-foot. 

CAPITAL  EXPENDITURES  - Outlays  for  plant  and  equipment  which  are  normally  charged  to  fixed  asset 
accounts. 

CHANNEL  STORAGE  - The  volume  of  water  at  a given  time  in  the  channel  or  over  the  flood  plain  of  the 
streams  in  a drainage  basin  or  river  reach.  Channel  storage  is  sometimes  significant  during  the  progress  of  a 
flood  event. 

CHLORINATION  - The  application  of  chlorine  to  water,  sewage,  or  industrial  wastes  generally  for  the  purpose 
of  disinfection,  but  frequently  for  accomplishing  other  biological  or  chemical  results. 

COLIFCRM  BACTERIA  - A species  of  genus  escherichia  bacteria,  normal  inhabitant  of  the  intestine  of  man  and 
all  vertebrates. 

CONSTRUCTION  COST  - The  total  cost  of  construction,  including  real  estate,  engineering,  design, 
administration  and  supervision. 

CONSUMPTIVE  USE  - The  quantity  of  water  discharged  to  the  atmosphere  or  incorporated  in  the  products  in 
the  process  of  vegetative  growth,  food  processing,  industrial  processes,  or  other  use.  Hence,  the  amount  of 
water  no  longer  directly  available. 

CONSUMPTIVE  USE  IRRIGATION  --  All  withdrawals  are  considered  to  be  consumptive  unless  the  full 
amount  of  the  withdrawal  is  returned  to  the  source. 
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COOLING  WATER  CONSUMPTION  (POWER)  - The  cooling  water  which  is  lost  to  the  atmosphere,  caused 
primarily  by  evaporation  due  to  the  temperature  rise  in  the  cooling  water  as  it  passes  through  the  condenser. 
The  amount  of  consumption  (1°**)  is  dependent  on  the  type  of  cooling  employed  - flow-through,  cooling 
ponds,  or  cooling  tower. 

COOLING  WATER  LOAD  - Heat  energy  dissipated  by  the  cooling  water. 

COOLING  WATER  REQUIRED  (POWER)  - The  amount  of  water  needed  to  pass  through  the  condensing 
unit  in  order  to  condense  the  steam  to  water. 

CORRELATION  - The  process  of  establishing  a relation  between  two  or  more  related  variables.  It  is  a simple 
correlation  if  there  is  only  one  independent  variable;  multiple  correlation  if  there  is  more  than  one 
independent  variable. 

CUBIC  FEET  PER  SECOND  PER  DAY  (cfwday)  - The  volume  of  water  represented  by  a flow  of  one  cubic  foot 
per  second  for  24  hours.  It  equals  86,400  cubic  feet,  1 .983471  acre-feet,  or  646,317  gallons. 

CUBIC  FEET  PER  SECOND  (efs)-  A unit  expressing  rate  of  discharge.  One  cubic  foot  per  second  is  equal  to  the 
discharge  of  a stream  having  a cross  section  of  one  square  foot  and  flowing  at  an  average  velocity  of  one  foot 
per  second.  It  also  equals  a rate  of 448.8  gallons  per  minute. 

DO  (Dlsaohrad  Oxygen)  - The  oxygen  dissolved  in  sewage  water  or  other  liquid,  usually  expressed  in  milligrams 
per  liter  or  percent  of  saturation. 

DEMAND-A  need  or  desire.  (Differs  from  the  usual  economic  definition  of  demand  under  which  a need  is 
not  necessarily  reflected  in  a demand). 

DISCHARGE  - In  its  simplest  concept,  discharge  means  outflow;  therefore,  the  use  of  this  term  is  not  restricted 
at  to  course  or  location  and  it  can  be  used  to  describe  the  flow  of  water  front  a pipe  or  a drainage  basin. 

DISCHARGE,  AVERAGE  - The  arithmetic  average  of  the  annual  discharges  for  all  complete  water  yean  of 
record  whether  or  not  they  are  consecutive.  The  term  “average”  is  generally  reserved  for  average  of  record  and 
“mean”  is  used  for  averages  of  shorter  periods;  namely,  daily  mean  discharge. 

DIVERSION  - The  taking  of  water  from  a stream  or  other  body  of  water  into  a canal,  pipe,  or  other  conduit. 

DRAINAGE*  AREA  - The  drainage  area  of  a stream,  measured  in  a horizontal  plane,  which  is  enclosed  by  a 
drainage  divide. 

DRAINAGE  BASIN  - A part  of  the  surface  of  the  earth  that  is  occupied  by  a drainage  system,  which  consists  of 
a surface  stream  or  a body  of  impounded  surface  water  together  with  all  tributary  surface  streams  and  bodies 
of  impounded  surface  water. 

DRAINAGE  DIVIDE  - The  line  of  highest  elevations  which  separates  adjoining  drainage  basins. 

DRAWDOWN  (GROUND  WATER)  - The  depression  or  decline  of  the  water  level  in  a pumped  well  or  in  nearby 
welle  caused  by  pumping.  It  is  the  vertical  distance  between  the  static  and  the  pumping  level  at  the  well. 


DROUGHT  - A period  of  deficient  precipitation  or  runoff  extending  over  an  indefinite  number  of  days,  but  with 
no  set  standard  by  which  to  determine  the  amount  of  deficiency  needed  to  constitute  a drought.  Thus,  there  is 
no  universally  accepted  quantitative  definition  of  drought;  generally,  each  investigator  establishes  his  own 
definition. 

ECONOMIC  BASE  STUDY  - A study  which  evaluates  the  economic  structure  of  the  region  to  provide  economic 
projections  necessary  for  the  appraisal  of  future  water  resource  needs. 

EFFECTIVE  PRECIPITATION  — That  part  of  the  precipitation  falling  on  a crop  area  that  is  effective  in  meeting 
the  consumptive  use  requirements  of  the  crop. 

EUTROPHICATION  — The  process  of  overfertilization  of  a body  of  water  by  nutrients  which  produce  more 
organic  matter  than  the  self-purification  processes  can  overcome. 


FARM-A  area  operated  as  a unit  of  ten  or  more  acres  from  which  the  sate  of  agricultural  products  totaled  $50 
or  more  annually,  or  an  area  operated  as  a unit  of  less  than  ten  acres  from  which  the  sale  of  agricultural 
products  total  $250  or  more  annually  during  the  previous  year. 

FLOOD  - Any  relatively  high  streamflow  or  an  overflow  or  inundation  that  comes  from  a river  or  other  body  of 
water  and  causes  or  threatens  damage. 

FLOOD  PEAK  - The  highest  value  of  the  stage  or  discharge  attained  by  a flood;  thus,  peak  stage  or  peak 
discharge.  Rood  crest  has  nearly  the  same  meaning  but,  since  it  connotes  the  top  of  the  flood  wave,  it  is 
properly  used  only  in  referring  to  stage. 

FLOOD  PLAIN  - A strip  of  relatively  smooth  land  bordering  a stream  that  has  been  or  is  subject  to  flooding.  It 
is  called  a “living”  flood  plain  if  it  is  overflowed  in  times  of  high  water,  but  a “fossil”  flood  plain  if  it  is 
beyond  the  reach  of  the  highest  flood. 

FLOOD,  PROBABLE  MAXIMUM  - The  largest  flood  for  which  there  is  any  reasonable  expectancy  in  the 
geographical  region  involved. 

FLOOD  8TAGE  - The  stage  at  which  overflow  of  the  natural  banks  of  a stream  begins  to  cause  damage  in  the 
reach  in  which  the  stage  is  observed. 

FLOWING  WELL  - An  artesian  well  having  sufficient  head  to  discharge  water  above  the  land  surface. 

FOREST  LAND  - Land  which  is  at  least  10  percent  stocked  by  forest  trees  of  any  size  and  land  from  which  the 
trees  have  been  removed  to  less  than  10  percent  stocking  but  which  has  not  been  developed  for  other  use. 

tped  - Gallons  per  capita  per  day. 

tpd  - Gallons  per  day. 

GAGING  STATION  - A particular  site  on  a stream,  canal,  lake  or  reservoir  where  systematic  observations  of  gage 
height  or  discharge  are  obtained. 


GAGING  STATION  NUMBER  - An  eight-digit  number  assigned  to  a gaging  station  which  identifies  the  station 
in  downstream  order  relative  to  other  gaging  stations  and  sites  where  streamflow  data  are  collected.  The  first 
two  digits  designate  the  major  drainage  basin,  the  others  the  station. 

GROUND  (GW)-Water  in  the  ground  that  is  in  the  zone  of  saturation  from  which  wells,  springs  and  ground 
water  runoff  are  supplied. 

GROUND  WATER  OUTFLOW  - That  part  of  the  discharge  from  a drainage  basin  that  occurs  through  the 
ground  water.  The  term  “underflow”  is  often  used  to  describe  the  ground  water  outflow  that  takes  place  in 
valley  alluvium  (instead  of  the  surface  channel)  and  thus  is  not  measured  at  a gaging  station. 

HARDNESS  - A characteristic  of  water;  chiefly  due  to  the  existence  there-in  of  the  carbonates  and  sulfates  and 
occasionally  nitrates  and  chlorides  of  calcium,  iron,  and  magnesium;  which  causes  “curdling”  of  the  water 
when  soap  is  used,  increased  consumption  of  soap,  deposition  of  scale  in  boilers,  injurious  effects  in  some 
industrial  processes,  and  sometimes  objectionable  taste  in  the  water.  It  is  commonly  computed  from  the 
amounts  of  calcium  and  magnesium  in  the  water  and  expressed  as  equivalent  calcium  carbonate. 

HYDROGEN  ION  CONCENTRATION  - The  weight  of  hydrogen  ions  in  grams  per  liter  of  solution.  Commonly 
expressed  as  the  pH  value  that  represents  the  logarithm  of  the  reciprocal  of  the  hydrogen  ion  concentration. 

INDUSTRIAL  WATER  - The  industrial  category  includes  those  major  water-using  industries  whose  size  is  related 
to  a significantly  larger  population  than  that  of  the  local  area  and  whose  water  needs  are  normally  supplied 
through  a municipal  distribution  system.  For  the  purposes  of  this  analysis,  these  industries  are  the  following: 

Pulp  and  paper 
Other  major  forest  products 
Food  processing 
Petroleum  processing 
Primary  metals 
Thermal  and  nuclear  power 

INFILTRATION  - The  flow  of  the  fluid  into  a substance  through  pores  or  small  openings.  It  connotes  flow  into 
a substance  in  contradistinction  to  the  word  percolation,  which  connotes  flow  through  a porous  substance. 

INFILTRATION  CAPACITY  - The  maximum  rate  at  which  the  soil,  when  in  a given  condition,  can  absorb 
falling  rain  or  melting  snow. 

INTERCEPTION  (HYDROLOGY)-The  process  of  storing  rain  or  snow  on  leaves  and  branches  or  other 
objects  which  eventually  evaporates  back  to  the  air. 

JTU  (Jackson  Turbidity  Units)  - The  JTU,  as  the  name  implies,  is  a measurement  of  the  turbidity,  or  lack  of 
transparency . of  water.  It  is  measured  by  lighting  a candle  under  a cylindrical  transparent  glass  tube  and  then 
pouring  a sample  of  water  into  the  tube  until  an  observer  looking  from  the  top  of  the  tube  cannot  see  the 
image  of  the  candle  flame.  The  number  of  ITU's  varies  inversely  with  the  height  of  the  sample  (e.g.  a sample 
which  measures  2.3  cm  has  a turbidity  of  1 fiOO  ITU’s  whereas  a sample  measuring  72.9  cm  has  a turbidity  of 
25  ITU’s.) 

LAND  AREA  - The  solid  portion  of  the  earth’s  surface  including  bodies  of  water  less  than  40  acres  and  streams 
of  less  than  1/8  mile  wide. 
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LAND  USE  - Primary  occupier  of  a tract  of  land  grouped  into  classes  with  similar  characteristics,  i.e.,  cropland, 
rangeland,  forest  land,  or  other. 

LOW  FLOW  FREQUENCY  CURVE  - A graph  showing  the  magnitude  and  frequency  of  minimum  flows  for  a 
period  of  given  length.  Frequency  is  usually  expressed  as  the  average  interval,  in  yean,  between  recurrences  of 
an  annual  minimum  flow  equal  to,  or  less  than  that  shown  by  the  magnitude  scale. 

mgd  - Millions  of  gallons  per  day. 

mg/I  - Milligrams  pper  liter. 

MPN  (Most  probable  number)  - In  the  testing  of  bacterial  density  by  the  dilution  method,  that  number  of 
organisms  per  unit  volume  which,  in  accordance  with  statistical  theory,  would  be  more  likely  than  any  other 
possible  number  to  yield  the  observed  test  result  or  which  would  yield  the  observed  test  result  with  the 
greatest  frequency.  Expressed  as  density  of  organisms  per  100  ml. 

MAXIMUM  WATER  SURFACE  (RESERVOIR)  — The  maximum  water  surface  elevation  is  the  highest  water 
surface  elevation  for  which  the  dam  is  designed.  It  is  also  the  top  of  the  surcharge  capacity. 

MUNICIPAL  WATER  — The  municipal  category  includes  not  only  urban  domestic  water  use  but  also  those  other 
civic,  commercial,  and  small  industrial  uses  which  are  typically  supplied  through  a municipal  distribution 
system  and  the  magnitude  of  which  is  related  to  local  population. 

■: 

NEED— The  lack  of  something  usefull,  required,  or  desired;  the  lack  of  water  or  water  system  facilities  also 
adaptions  and  betterments  and  improvements. 


NON— CONSUMPTIVE.  Non-consumptive  uses  related  to  surface  water  only,  are  where  no  water  is  divereted 
from  the  confines  of  the  surface  water  source  area  or  channel,  where  the  waters  pass  over,  under,  around  or 
through  an  on  stream  project,  or  when  being  diverted  (effectively)  at  the  upstream  edge  of  a project  and 
being  returned  (effectively)  to  the  channel  at  the  downstream  edge  of  project.  It  is  considered 
non-consumptive  water  use  when  water  diverted  from  a surface  water  source  is  returned  to  the  same  source 
at  any  location  upstream  from  the  point  of  diversion.  Transportation  losses,  evaporation,  seepage,  are  not 
considered  consumptive. 

NORMAL  ANNUAL  PRECIPITATION  - Average  annual  precipitation  during  the  base  period,  1931-1960 
inclusive. 

OPERATION  AND  MAINTENANCE  COSTS  — Average  annual  costs  of  project  operation  and  normal 
maintenance. 

OPTIMUM  WATER  REQUIREMENT  - 658  gallons  per  capita  per  day  plus  maximum  monthly  industrial  water 
use. 

pH  - See  Hydrogen  ion  concentration. 

PARTIALLY  CONSUMPTIVE.  The  use  is  partially  consumptive  when,  in  the  case  of  surface  water,  the 
diverted  water  is  returned  to  the  source  25  feet  or  more  downstream.  Partially  consumptive  for  ground 
water  is  the  condition  when  the  full  amount  withdrawn  is  returned  to  the  same  source  aquifers). 
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PEAK  - The  maximum  water  uaed  in  a stated  period  of  time.  Usually  it  is  the  maximum  amount  experienced 
over  an  interval  of  a year,  month,  week,  or  day.  It  is  used  interchangeably  with  peak  demand. 

PERCOLATION  - The  movement,  under  hydrostatic  pressure,  of  water  through  the  interstices  of  a rock  or  soil. 


PRECIPITATION  - As  used  in  hydrology,  precq>itation  is  the  discharge  of  water,  in  the  liquid  or  solid  state,  out 
of  the  atmosphere,  generally  upon  a land  or  water  surface.  It  is  the  common  process  by  which  atmospheric 
water  becomes  surface  or  subsurface  water.  The  term  “precipitation’’  is  also  commonly  used  to  designate  the 
quantity  of  water  that  is  precipitated. 

RAINFALL  - The  quantity  of  water  that  falls  as  rain.  Not  synonymous  with  precipitation. 

RECHARQE  (OROUND  WATER)  — The  addition  of  water  to  the  zone  of  saturation.  Infiltration  of  precipitation 
and  its  movement  to  the  water  table  is  one  form  of  natural  recharge;  injection  of  water  into  an  aquifer  through 
wells  is  one  form  of  artificial  recharge. 

RECURRENCE  INTERVAL  - The  average  number  of  yean  within  which  a given  event  will  be  equaled  or 
exceeded. 

RESERVOIR  - A pond,  lake  or  basin,  either  natural  or  artificial,  for  the  storage,  regulation,  and  control  of 
water. 

RESERVOIR,  RE-REQULATING  — A reservoir  used  to  regulate  the  outflow  from  an  upstream  reservoir. 

RESERVOIR,  SINGLE-PURPOSE  - A reservoir  planned  to  serve  only  one  purpose. 

RIPARIAN  — Pertaining  to  the  banks  of  streams,  lakes  or  tidewater. 

RIVER  REACH  - Any  defined  length  of  a river. 

RUNOFF  — That  part  of  rainfall  or  other  precipitation  that  reaches  watercourses  or  drainage  systems. 

RUNOFF,  ADJUSTED  MEAN  ANNUAL  - Average  annual  runoff  adjusted  for  length  of  reco'.d  by  comparison 
with  record  at  pivot  stations. 

RURAL  POPULATION- All  population  not  classed  as  urban  (Rural  population  is  divided  into  rural  farm  and 
rural  nonfarm  population.) 

SALINITY  - The  relative  concentration  of  salts,  usually  sodium  chloride,  in  a given  water  sample.  It  is  usually 
expressed  in  terms  of  the  number  of  parts  per  thousand  of  chlorine  (Cl).  Parts  per  thousand  ■ o/oo. 

SEDIMENT  - Fragmental  or  clastic  mineral  particles  derived  from  soil,  alluvial,  and  rock  materials  by  processes 
of  erosion;  and  transported  by  water,  wind,  ice,  and  gravity.  A special  kind  of  sediment  is  generated  by 
precipitation  of  solids  .rom  solution  (Le.,  calcium  carbonate,  iron  oxides).  Excluded  from  the  definition  is 
vegetation,  wood,  bacteria)  and  algal  slimes,  extraneous  light-weight  artificaly-made  substances  such  as  trash, 
plastics,  flue  ash,  dyes,  and  semi-solids.  ^ 

SEDIMENT  DISCHARGE  - The  rate  at  which  dry  weight  of  sediment  pasasa  a section  of  a stream  or  the 
quantity  of  sediment,  as  measured  by  dry  weight  or  by  volume,  that  is  discharged  in  a given  time. 
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SERVICE  AREAS  - An  area  described  for  planning  purposes  whose  boundaries  would  include  the  future 
population  or  industrial  activities  which  could  logically  and  functionally  obtain  water  supply  from  a central  or 
integrated  system  or  where  the  problems  are  so  interrelated  that  the  planning  should  be  done  on  an  integrated 
basis. 

SILT  - Individual  mineral  particles  in  a soil  that  range  in  diameter  from  the  upper  limit  of  clay  (0.002 
millimeters)  to  the  lower  limit  of  very  fine  sand  (0.05  millimeters).  Soil  of  the  silt  textural  class  is  80  percent 
or  more  silt  and  less  than  12  percent  clay. 

STREAM  INTERMITTENT  - A stream  that  flows  only  part  of  the  time  or  through  only  part  of  its  reach. 

STREAM  PERENNIAL  — A stream  that  flows  continuously. 

STREAMFLOW  - The  discharge  that  occurs  in  a natural  channel.  Although  the  term  discharge  can  be  applied  to 
the  flow  of  a canal,  the  word  streamflow  uniquely  describes  the  discharge  in  a surface  stream  course. 
Streamflow  is  a more  general  term  than  runoff,  as  streamflow  may  be  applied  to  discharge  whether  or  not  it  is 
affected  by  diversion  or  population. 

STREAMFLOW  REGULATION  - The  artificial  manipulation  of  the  flow  of  a stream. 

STORAGE  - Water  naturally  or  artificially  impounded  in  surface  or  underground  reservoirs. 

STORAGE  CAPACITY,  ACTIVE  (USABLE)  — The  volume  normally  available  for  release  from  a reservoir  below 
the  stage  of  the  maximum  controllable  level.  (Total  capacity  less  inactive  and  dead  capacity.) 

STORAGE  CAPACITY,  CONSERVATION  — Storage  capacity  available  for  all  useful  purposes  such  as  municipal 
water  supply,  power,  irrigation,  recreation,  fish  and  wildlife,  etc.,  excluding  joint  use  and  exclusive  flood 
control  capacity. 

STORAGE  CAPACITY,  DEAD  — The  volume  of  a reservoir  below  the  sill  or  invert  of  the  lowest  outlet. 

STORAGE  CAPACITY,  INACTIVE  — The  portion  of  live  storage  capacity  from  which  water  normally  will  not 
be  withdrawn,  in  compliance  with  operating  agreements  or  restrictions. 

S.W.-Surface  Water. 

TDS  - Total  dissolved  solids. 

TOTAL  ANNUAL  AVERAGE  COST-The  sum  of  the  annual  equivalent  of  the  fixed  cost,  the  annual 

I operation  and  maintenance  costs,  and  the  annual  equivalent  of  major  replacement  costs. 

TOURIST-An  individual  participating  in  recreation  within  a basin  but  residing  outside  that  basin. 

TURBIDITY  -(I)  A condition  of  a liquid  due  to  fine  visible  material  in  suspension  which  may  not  be  of 
sufficient  size  to  be  seen  as  individual  particles  by  the  naked  eye,  but  which  prevents  the  passage  of  light 
through  the  liquid.  (2)  A measure  of  fine  suspended  matter  (usually  colloidal)  in  liquids. 

[VALUE  ADDED  - Wages  and  salaries,  interest  payments,  profits,  and  the  like.  Often  represents  the 
contribution  of  industries  to  the  gross  basin  product  used  to  measure  production  growth. 
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TABLE  4-10.  Summary  of  projected  water  needs 


Estimatad 

Surfaca  water  usage  (mgd)Ground  water  usage  (mgd)  Total  i 

(mgd) 

System 

population 

served 

Avaraga 

daily 

Maximum 

monthly 

Avaraga 

daily 

Maximum 

monthly 

Avaraga 

daily 

Maximum 

monthly 

Municipal 

1966 

40,230 

3.6 

4.2 

0.8 

i.i 

4.3 

5.3 

I960 

48,200 

8.4 

11.8 

0.8 

i.i 

9.2 

12.9 

2000 

88,200 

13.0 

18.3 

1.5 

2.1 

14.6 

20.4 

2020 

100,500 

20.6 

28.9 

2.6 

3.6 

23.2 

32.6 

Industrial 

1966 



22.8 

26.9 

— 

— 

22.8 

26.9 

1980 

— 

38.9 

46.9 

- 

- 

38.9 

46.9 

2000 

— 

60.9 

74.3 

- 

- 

60.9 

74.3 

Rural- 

2020 

— 

91.2 

113.0 

— 

91.2 

mo 

Individual 

1966 

15,270 

0.1 

02 

OS 

1.6 

0.9 

1.8 

1980 

16,000 

- 

- 

1.1 

1.6 

1.1 

1.5 

2000 

17,300 

- 

- 

1.6 

2.2 

1.6 

2.2 

2020 

17,700 

_ 

20 

22 

2.0 

2.8 

Totals 

1966 

55,600 

26.4 

31.3 

1.6 

2.7 

28.0 

34.0 

I960 

64,200 

47.3 

58.7 

1.9 

2.6 

49.2 

61.3 

2000 

86,500 

73.9 

92.6 

3.1 

4.3 

77.0 

96.9 

2020 

118,200 

111.8 

141.9 

4.6 

6.4 

116.4 

148.3 

Note:  All  usage  figures  are  rounded  to  one  decimal  place. 


MEANS  TO  SATISFY  NEEDS 


GENERAL 

The  projected  annual  water  uae  is  expected  to 
reach  117  mgd  by  the  year  2020.  This  is  an  increase 
of  approximately  90  mgd  over  the  1965  average  use. 
Optimum  or  peak  water  requirements  will  be  nearly 
180  mgd.  Tables  2-10  or  2-11,  the  Area  Plans, 
summarize  the  Basins’  annual  average  and  optimum 
requirement  in  relation  to  the  remainder  of  the  Area. 
Table  4-11,  Municipal  and  Industrial  Water  Supply 
Needs,  reviews  the  needs  of  the  major  water  systems 
and/or  users  in  the  Basins. 

The  city  of  Anacortes  and  the  Skagit  County 
PUD  No.  1,  major  water  purveyors  of  the  Skagit- 
Samish  Basins,  supply  approximately  87  percent  of 
the  annual  average  water  uae.  Table  4-10  summarizes 
the  present  and  future  needs  for  the  Batins.  The 
major  water  users  will  be  centered  near  the  more 
urbanized  centers  and  will  receive  water  from 
presently  developed  and  expanded  sources. 

The  smaller  rural  communities  are  expected  to 


continue  using  ground  water  sources  as  their  major 
source  of  water.  The  exception  will  be  when  one  of 
the  larger  systems  can  feasibly  extend  its  distribution 
system  into  the'  more  sparsely  populated  areas. 
Self-supplied  industry  using  both  surface  and  ground 
water  will  continue  expanding  existing  systems.  The 
small  and  rural  communities  and  self-supplied  indus- 
try presently  use  only  about  13  percent  of  the  total 
Basin  water. 

The  municipal  and  industrial  water  needs  pro- 
jected for  2020  can  be  met  by  water  available  in  the 
Basins  without  need  for  storage.  Although  a plentiful 
source  of  surface  water  is  available,  the  projected 
population  and  industrial  growth  will  require  larger 
systems  to  satisfy  requirements. 

BASIN  PLANS 

The  Selected  Basin  Plan,  as  recommended  is  to 
provide  enlargement  and  expansion  of  existing  water 
systems.  Table  4-12  defines  the  plan  and  includes 
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TABLE  4-11.  Municipal  and  industrial  water  supply -capital  improvements,  Skagit-SamMi  Basin* 


Population  Sarvsd  10,000 

ANACORTES 

Optimum  21.8 

CspMM  Impsooomants  1.0 

Population  Sarvad  23.500 

SKAGIT  CO.  PUD  No.  1 

Optimum  24.7 

Capital  hnpnosamsnts  6.2 

Population  Sarvad  6,730 

SMALL  AND  RURAL 
COMMUNITY  SYSTEMS 
Optimum  4.4 

Capital  Impreaamants  3.1 

Population  Satvad 
SELF-SUPPLIED  INDUSTRY 

Optimum  2.6 

Ctpital  impRwamsnts  0.6 

Population  Satvad  40,230 

TOTAL  CAPITAL  IMPROVEMENTS  10 


20,000 


50.8 

13.8 


40,000 


62.2 

18.3 


9,200 


30,000 


68.5 

17.7 


56,000 


81.0 

28.8 


16,600 


10.2 

4.1 


16.3 

7.6 


100.500 

58 


89,200 

36 


4-15 


Nats:  Figure*  art  roundtd. 


supply  and  transmission,  treatment,  pumping, 
chemical,  and  annual  income  as  projected  by  the 
Municipal  and  Industrial  Water  Supply  and  Water 
Quality  Control  Technical  Committee.  Table  2-12 
includes  the  storage  and  distribution  costs  for  the 
Basins. 

The  Alternative  Basin  Plan  Table  4-13  calls  for 
the  use  of  Skagit  River  water  by  both  Anacortes  and 
the  Skagit  County  PUD  No.  1 . The  minimum  record 
flow  of  the  Skagit  River,  1942  at  Mount  Vernon,  was 
1,770  n«d.  At  this  rate,  the  Skagit  River  would  be 
able  to  supply  both  systems  with  no  problem.  This 
plan  was  placed  as  an  alternative  to  the  selected  plan 
for  several  reasons:  (1)  Anacortes  has  an  existing 
intake  and  treatment  plant  on  the  Skagit  River;  (2) 
the  Skagit  County  PUD  No.  1 presently  receives  most 
of  its  water  from  a watershed  and  has  proposed 
expanding  it  (The  watenhed  water  would  not  require 
the  extensive  treatment  as  would  the  Skagit  River); 
(3)  it  would  have  required  considerable  funds  to 
redevelop  the  amount  of  water  already  available.  This 
may  not  be  within  the  present  annual  income  abilities 
of  the  system. 

Anacortes,  currently  operating  near  capacity,  is 


able  to  supply  a peak  maximum  of  21  mgd  to 
municipal  and  industrial  consumers.  The  existing 
system,  drawing  from  horizontal  wells  in  the  Skagit 
River,  receives  large  amounts  of  ground  water,  along 
with  the  river  water,  which  is  very  high  in  iron.  This 
present  system  will  be  phased  out  in  favor  of  a river 
water  intake  and  complete  treatment  plant.  Upon 
completion  of  the  new  source,  the  horizontal  wells 
will  be  used  only  for  meeting  peaks  and  standby 
service  as  needed. 

The  Skagit  County  PUD  No.  1 , operating  the 
Cultus  Mountain  watershed,  should  be  able  to  meet 
all  anticipated  needs  through  2020  with  the  additions 
planned  for  the  watershed.  If  operation  continues  as 
in  the  past,  the  PUD  will  be  able  to  deliver  adequate 
quality  water  without  treatment. 

Surface  and  ground  water  supplies  can  be 
economically  utilized  by  self-supplied  industry,  rural- 
individual,  or  small  community  effort  water  systems, 
such  as  wells  and  small  surface  diversions  and  package 
treatment  plants;  90  percent  of  this  coming  from 
ground  water  sources.  The  major  means  are  to  enlarge 
the  present  pumping,  treatment  and  distribution 
systems  to  handle  the  peak  water  demands. 


INS*** 


Table  4-10,  Summary  of  Projected  Water 
Needs,  shows  the  level  of  need  to  2020  from  all 
sources. 

FINANCE 

Annual  income  as  taken  from  Table  2-10  for 
the  Selected  and  Alternative  Plans  indicates  the 
amount  of  money  available  to  apply  for  bond  service 
(approximately  20%  of  the  total  annual  income). 

The  following  figures  indicate  the  monies  avail- 
able for  bond  service  and  the  capital  expenditures 
amortized  for  30  years  at  5%  for  the  Selected  and 
Alternative  Plans. 

Costs  as  indicated  by  the  Engineering  News 
Record  Index  are  presently  doubling  every  IS  years. 


Year 


Annual  Bond 
Service  Avail- 
able(XS  1,000) 


Annual  Amortized 
Cost  (XS  1.000) 


Selected 

Plan 


Alternative 

Plan 


1965 

S 675 

$157 

$156 

1980 

1,170 

278 

206 

2000 

1350 

494 

421 

2020 

2,480 

758 

671 

As  above  figures  indicate,  the  Skagit-Samish 
Basins  will  be  able  to  finance  adequately  all  projected 
future  developments  without  excessive  financial 
burden  in  relation  to  the  Basin  economy  or  an 
increase  in  water  rates. 


TABLE  4-12.  M & I Watar  Supply  U«a  Planning— Prwent  to  yaar  2020  Salactad  Basin  Plan  Skagit-SamMi  Basins 


OPTIMUM 

CAPACITY 

Profactad 

Yaw  Annual  — MGpd 

of  Wtr.  Un 


1967 

THOUSAND  DOLLARS 


AMORTIZED 
CAPITAL  COSTb 


Laval  Sourca 


Supply  A T rant 

MOD  Supply  Tranam.  T ranvn  mant 


MAINTENANCE 
ANO  OPER. 

Pumping 
Potaar  Cham.  Incoma 


Piaaaiil 

SW 

Skagit  Rivar-1  Rannay  Walts  and  Raw 
Watar  0 Is  anion  and  T raatmant 

Exist 

18 

20.8 

30 

100 

8 

1.782 

1880 

SW 

Rlvar  Intaka  and  Traatr 

nant  Plant  Expans. 

197$ 

28 

1$ 

18 

1.980 

1,12$ 

168 

11 

3.270 

2000 

SW 

Rlvar  Intaka  and  Traatr 

nant  Plant  Expans. 

199$ 

40 

13 

13 

1460 

1,128 

168 

16 

4472 

2030 

SW 

RNar  iwtsfca  and  Traatr 

nant  Plant  Expana. 

2018 

$4 

19 

19 

2,320 

1,360 

189 

22 

8407 

09 

78 

$ 6.220 

$3400 

ANACORTES  SELECTED  PLAN  TOTAL 

SKAGIT  CO'PUONO.1 

Praasnt  SW  Cuftaa  MTN  WaawWiad 

SW  Skagit  Rlvar  Inffca  and  Tra 
GW  WaN 


SKAGIT  CC  PUO  NO.  1 SCLKCTEO  PLAN  TOTAL 


SMALL  A RURA».  COMMUNITIES 
ON  LwMOW 


fliLP  SUPPLMO  INDUSTRY 


*1  LECTIO  PLAN  TOTAL 
PLAN  TOTAL 


Exist 

Exist 

Exist 


1970 

1900 

2010 


2010 


HALL  A RURAL  COMMUNITIES  SELECTED  PLAN  TOTAL 


SSLP  SUPPLIES  INDUSTRY 


2 

3 

E 

11 


13 

1 


$9420 


13 

e 

i 


$13,225 


1 

3 ISO 

3 ISO 

4 340 

11  $900 

3 

2 ISO 

4 440 

5 780 

17  $1,380 


$70 

$1.03$ 


3 

12 


1.081 


6 

6 

060 

376 

16 

10 

10 

1400 

780 

188 

8 

1.726 

28 

20 

20 

2400 

1400 

270 

10 

3.037 

43 

30 

30 

3400 

24$0 

448 

17 

3431 

86 

86 

$8460 

$4478 

117 

234 

467 


$2.41$ 

$38,080 


Ms  tat-  syssam  sMII*v  to  SsHvar  1.Sgpm  par  a 
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TABLE  4-13.  M & I Water  Supply  Use  Planning-Present  to  year  2020  Alternate  Basin  Plan  Skagit— Samish  Basins 


OPTIMUM 

CAPACITY 


Year  Annual 

Ol  Wtr.  Uae 


THOUSAND  1967  DOLLARS 

AMORTIZED  MAINTENANCE 

CAPITAL  COSTb  ANO  QUA. 

Supply  a Treat-  Iron  Pumping 


Laval 

Souroa 

Development 

Devel. 

MGD 

*<n*i 

Tranam. 

Tranam. 

mant  Removal 

Powar 

Cham. 

Ineame 

anacortes 

Preaant 

SW 

Skagit  R fear-2  Rannay  Walla  and  Raw 

Exlet 

16 

20.8 

30 

160 

6 

1,762 

Waaar-lntaka  and  Treatment  Plant 

1SS0 

GW 

Skagit  R fear- Local  WaMa 

1068 

28 

16 

16 

900 

198 

3^70 

2000 

GW 

Skagit  Rfear-Local  Walla 

1906 

40 

13 

13 

900 

160 

4,672 

2020 

GW 

Skagit  Rfear-Local  WaNa 

2010 

64 

10 

10 

1.000 

ISO 

6J07 

60 

70 

82,800 

ANACORTES  ALTERNATIVE  PLAN  TOTAL 

82,800 

SKAGIT  CO.  PUO  NO.  1 

Preaant 

SW 

Cuttaa  MTN  Wataohed 

Eilat 

0 

13 

13 

03 

3 

14)61 

Preaant 

SW 

Skagit  Rfear  Intaka  and  Treatmant 

ExicL 

6 

6 

Preaant 

GW 

Wall  (Local) 

Exiat 

1 

1 

Naad 

Skagit  Rfear -Rfear  Intaka  and  Treatmant 

1066 

6 

6 

660 

376 

160 

6 

1,726 

1900 

SW 

Skagit  Rfear-Rfear  Intaka  and  Treatmant 

1976 

16 

10 

10 

1.300 

760 

270 

10 

3,037 

2000 

SW 

Skagit  Rfear-Rfear  Intaka  and  Treatment 

1900 

26 

20 

20 

2.600 

1^00 

446 

17 

3A31 

2000 

SW 

Skagit  Rfear-Rfear  Intake  and  Treatment 

2010 

43 

30 

30 

3,800 

2,260 

86 

86 

• 8.360 

04JS76 

SKAGIT  CO.  PUD  NO.  1 ALTERNATIVE  PLAN  TOTAL 

SMALL  * RURAL  COMMUNITY  SYSTEMS 
(Same  at  Setectad  Plan) 

SELF  SUPPLIED  INOUSTRY 

(Same  at  Selected  Plan) 

ALTERNATIVE  SASIN  PLAN  TOTAL 


Doae  not  include  ttorege  and  diatribution  o 


: Saa  Area  Maana  to  Satiety  Neadt  taction. 


1 Not  a daaign  mgd- optimum  capacity  n 


a total  ay  ream  ability  to  da!  fear  1.6  |pm  par  rervioa  connaction  plu*  the  n 
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STILLAGUAMISH  BASIN 

INTRODUCTION 


The  Stillaguamish  Basin,  Figure  S-l,  located  in 
the  northwestern  portion  of  the  State  and  bordered 
by  the  Skagit  Basin  to  the  north  and  the  Snohomish 
Basin  to  the  south,  occupies  some  690  square  miles, 
about  three-fourths  of  which  is  in  Snohomish  county. 
The  Basin  is  only  slightly  industrialized,  but  is  largely 
oriented  to  agricultural  and  lumbering  activities. 

Although  the  basin  is  sparsely  populated  and 
only  lightly  industrialized  today,  the  population  is 
predicted  to  more  than  triple  by  the  year  2020,  and 
industry,  mostly  in  the  form  of  pulp  and  paper  and 
agricultural  enterprises,  is  expected  to  increase  sub- 
stantially. Projections  indicate  that  water  use  will 
increase  by  nearly  800  percent,  and  will  far  exceed 
present  water  supply  system  capabilities. 

GEOGRAPHY 

The  eastern  sector  of  the  basin  is  a rugged, 
mountainous  area  lying  mostly  within  Mount  Baker 
National  Forest,  with  a maximum  elevation  of  6,854 
feet  at  the  summit  of  Three  Fingers  Mountain.  The 
western  sector  comprises  mostly  tide  flats  and  deltas 
of  the  Stillaguamish  River.  Between  these  extremes  is 
a topography  of  river  bottoms,  gently  rolling  foot- 
hills, level  benchlands,  narrow  canyons,  and  num- 
erous mountain  spurs. 

The  basin  is  divided  into  three  principal  drain- 
age areas:  the  North  Fork  of  the  Stillaguamish  River, 
the  South  Fork,  and  the  downstream  coastal  region. 
The  North  Fork,  with  headwaters  in  the  extreme 
northeastern  sector  of  the  basin  31  miles  above 
Arlington,  drains  a 2 86-square -mile  area  around 
Finney  Peak,  Whitehorse  Mountain,  and  adjacent 
peaks.  The  South  Fork,  which  heads  in  the  extreme 
southeastern  portion  of  the  basin,  and  its  principal 
tributaries  Bnardman,  Canyon,  and  Jim  Craeks-drain 
■i  area  of  about  257  square  miles  in  flowing  some  41 
odes  to  the  Joining  of  the  North  and  South  Forks  at 
Arlington  Balov  Arlington,  the  Stillaguamish  flows 
riowty  to  Pugst  Sound,  draining  about  140  square 
mBes  of  flood  plain  before  it  enters  Port  Susan 
through  Hat  Slough,  the  main  outlet. 


CLIMATE 

Cool,  dry  summers  and  mild,  wet  winters  typify 
the  basin  climate.  Although  the  Cascade  Mountains 
shield  the  basin  from  violent  temperature  extremes, 
both  temperature  and  precipitation  vary  consid- 
erably. The  mean  annual  precipitation  for  the  entire 
watershed  is  about  76  inches,  but  ranges  from  30 
inches  in  the  lowlands  near  Puget  Sound  to  170 
inches  in  the  mountains.  About  70  percent  of  the 
precipitation  falls  during  October  through  March. 
Maximum  and  minimum  temperatures  vary  from 
32°C (90° F)  to  -15°C  (5°F)at  Stanwood  and  from 
40°C(104°F)  to  -24  °C  (-11°F)  at  Darlington.  The 
average  frost-free  period  varies  from  120  days  in  the 
higher  valleys  and  foothills  to  215  days  along  the 
coastal  lowlands. 

POPULATION 

About  18,900  people  live  in  the  Stillaguamish 
Basin.  Most  settlement  has  occured  in  the  rural  area. 
The  two  principal  population  centers  are  Arlington, 
population  2,195  and  Stanwood,  population  1,240. 
The  eastern  part  of  the  Basin  is  sparsely  settled 
because  of  the  rugged  terrain. 

ECONOMY 

Agriculture,  particularly  dairy  farming,  and 
associated  enterprises  are  the  most  important  indus- 
tries in  the  basin  and  account  for  more  than  half  the 
total  income.  As  a result,  moat  of  the  cropland  is  used 
for  production  of  forage  to  support  the  livestock 
industry,  though  there  is  now  a trend  toward  the 
growing  and  local  processing  of  peas,  sweet  com,  and 
other  field  crops  to  meet  the  needs  of  the  expanding 
Sesttle-Tacoma-Everett  metropolitan  area. 

Lumbering,  the  second  major  industry  in  the 
basin,  contributes  significantly  to  the  economy.  In 
addition,  forest  land  is  used  extensively  for  sports 
firiiing,  hunting,  and  other  outdoor  recreations  that 
provide  a limited  income  from  tourism  and  related 
sources. 


TABLE  5-1.  General  land  use. 


Conifer  forests  cover  nearly  88  percent  of  the 
total  acreage  in  the  Basin.  About  35,000  acres,  most 
of  which  are  confined  to  the  lowland  flood  plain  of 
the  Stillaguamish  River,  are  used  for  cropland  and 
represent  about  6 percent  of  the  438,000  total  land 
acres  in  the  Basin.  However,  urbanization  in  the  form 
of  housing  subdivisions  is  replacing  some  of  the 
farmland,  and  promises  to  replace  even  more  in  the 
future  with  the  development  of  new  industry  in 
nearby  Everett.  Land  use  in  the  Basin  is  shown  in 
Table  5-1. 


Forestland 

Cropland 

Rangeland 

Other  land  (high,  barren) 
Urban  buildup 
Inland  water 


Source:  Appendix  III.  Hydrology. 


PRESENT  STATUS 


Present  water  use  is  well  within  the  supply 
capabilities  of  presently  developed  sources.  The  basin 
is  largely  rural,  and  a substantial  percentage  of  total 
water  used  is  supplied  from  individual  wells  and  small 
community  distribution  systems.  Ground  water 
sources  have  been  developed  as  almost  the  sole  source 
of  supply  in  the  basin.  No  major  centralized  distribu- 
tion system  is  needed,  and  it  is  economically  more 
practical  to  supply  ground  water. 


are  located  in  Stan  wood.  Because  these  companies 
process  agricultural  field  products,  most  of  their 
water  use  occurs  during  crop  ripening  (June  to 
October). 


Rural-Individual 

Water  use  by  about  12,100  rural-individual 
users  is  estimated  at  0.67  mgd,  more  than  30  percent 
of  the  total  consumption  in  the  Basin.  This  is  based 
on  an  estimated  average  per  capita  use  of  55  gpd. 


WATER  USE 

About  18,400  persons  and  two  industries  use  a 
total  of  about  2.19  mgd.  A detailed  breakdown  of 
water  use  in  the  basin  is  shown  in  table  5-2. 


WATER  SUPPLIES 

Ground  water  is  used  to  meet  nearly  all  the 
basin's  municipal  and  industrial  water  requirement  of 
2.19  mgd.  (See  table  5-2.)  All  but  two  of  the  14 
water  systems  use  ground  water  as  a source  and 
supply  about  95  percent  (2.07  mgd)  of  the  total 
water  used. 


Municipal 

The  present  municipal  water  use  of  about  0.97 
mgd  accounts  for  mote  than  40  percent  of  the  total 
baan  water  consumption.  Stan  wood,  the  largest  user 
with  0.40  mgd,  serves  1,240  persons  and  has  a per 
capita  water  usage  of  200  gpd.  Arlington  uses  035 
mgd  in  serving  2,190  persons  for  a per  capita  water 
use  of  160  gpd.  Several  rural  community  systems  use 
0.17  mgd,  serve  2/110  people,  and  show  a per  capita 
water  use  of  93  gpd. 

industrial 

Industrial  water  use  currently  averages  about 
0.55  mgd,  about  25  percent  of  the  total  water  used  in 
the  basin.  The  two  industrial  water  users,  Stokety 
Van  Camp  and  the  Twin  City  Frozen  Food  Company, 


Municipal 

Wells  and  springs  supply  cities  and  communities 
with  0.92  mgd,  serving  a population  of  about  6,140 
persons.  The  city  of  Arlington  obtains  its  water 
supply  from  two  wells  that  have  a combined  maxi- 
mum yield  of  about  23  mgd.  The  water  supply  for 
the  city  of  Stan  wood  is  drawn  from  four  wells  and 
two  spring  collection  systems.  These  wells  and  springs 
have  a maximum  total  yield  of  about  4.7  mgd.  The 
community  of  Silvana  obtains  its  water  supply  from 
springs  through  a 4-inch  steel  pipeline  suspended 
acroas  Cook  Slough. 


TABLE  5-2.  Water  use  (1965). 


f 


I 


System 

Estimated 

population 

served 

Surface  water  usage  (mgd) 
Average  Maximum  Maximum 
daily  monthly  daily 

Ground  water  usage  (mod) 
Average  Maximum  Maximum 
daily  monthly  daily 

MUNICIPAL  USE 

Arlington 

2,190 

— 

- 

0.3S 

0.65 

0.73 

Stanwood 

2,000 

— 

— 

- 

0.40 

0.70 

0.80 

Granite  FaNs 

600 

— 

— 

— 

0.06 

0.07 

0.10 

Other  rural  community  systems 

2,010 

0.06 

0.08 

0.10 

0.12 

0.18 

0.24 

Subtotal 

6300  b 

0.06 

0.08 

0.10 

0.92 

1.60 

137 

RURAL-INDIVIDUAL  USE 

12,100 

0.07* 

0.10 

0.13 

0.80* 

0.85 

1.21 

INDUSTRIAL  USE 
Municipally  supplied: 
Stanwood: 

Food  and  kindred 

-- 

- 

- 

- 

0.66 

4.00 

5.00 

Total 

18300 

0.12 

0.18 

0.23 

2.07 

6.36 

8.08 

a Based  on  assumed  56  gpcd. 

b Estimated  population  »rved  is  not  the  population  of  tha  incorporated  area  of  the  city  but  is  that  population  (sum  of 
permanent  end  ts«onal)  from  Table  2-7  which  determines  the  "average  rating"  for  each  basin.  This  population  has  been 
included  in  the  nearest  municipal  system  since  the  municipality  it  often  the  water  supplier  for  the  smaller  adjoining  water 
distribution  system. 


Industrial 

The  food  and  associated  processors  at  Stan- 
wood  are  supplied  an  average  of  O.SS  mgd  from 
Stan  wood  municipal  sources. 

Rural- Individual 

An  estimated  12,100  persons  are  supplied  0.67 
mgd  from  about  3,500  individual  rural  systems. 
About  80  percent  of  these  systems  are  supplied  by 
ground  waters. 

WATER  RIGHTS 

The  Stillaguamish  Basin  has  a total  of  255 
recorded  water-rights;  of  these,  191  are  surface,  and 
64  are  ground  (1966-1967).  About  57  percent  of  all 
the  recorded  surface  rights  in  this  area  involve 
irrigation.  Fish  propagation,  irrigation,  individual  and 
community  domestic  supply,  industrial  supply  and 
municipal  supply  are  the  nuqor  uses  in  this  area  with 
respective  total  allowable  diversions  of  34  mgd,  22 
mgd,  10  mgd,  8 mgd,  and  7 mgd. 

Many  diversions  in  the  Stillaguamish  Basin  are 
subject  to  low-flow  restrictions,  and  two  tributary 
streams  have  been  closed  to  further  consumptive 
appropriation. 


Nearly  half  of  the  total  ground  water  appropri- 
ated prime  right  quantity,  or  12  mgd,  is  applied  to 
irrigation  use.  Municipal  use  rights  provide  for  with- 
drawals of  8 mgd,  and  industrial  and  commercial  uses 
may  utilize  up  to  7 mgd. 

Two  of  the  larger  wells  in  this  area,  developed 
for  the  city  of  Stanwood,  supply  4 mgd.  The  city  of 
Arlington  withdraws  2.5  mgd  from  two  wells.  These 
wells  are  located  in  alluvium  adjacent  to  the  Stilla- 
guamish River  and  indirectly  obtain  their  supply  from 
this  source.  Table  5-3  shows  water  rights  in  the  Basin. 

TABLE  5-3.  Municipal  8t  Industrial  water  rights. 


Indi- 
vidual Indue- 

and  trial 

com-  and 


Type 

Muni- 

cipal 

(mgd) 

munlty 
domes- 
tic (mgd) 

com- 

mercial 

(mgd) 

Surface  water 

63 

10.6 

7.7 

Ground  water 

8.0 

03 

7.2 

Total* 

143 

11.6 

143 

* About  56  mgd  In  additional  appropriate*  rights  have 
batn  granted  for  other  consumptive  usss  In  the 
basin. 
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WATER  RESOURCES 


Water  reserves  in  the  Stillaguamish  basin,  al- 
though only  partially  tapped  at  present,  are  capable 
of  supplying  all  demands  in  the  foreseeable  future. 
The  water  is  generally  of  excellent  quality  and  is 
available  in  sufficient  quantity  to  preclude  any  water 
shortage,  regardless  of  growth. 

SURFACE  WATER 

Surface  water  resources  are  virtually  undevel- 
oped at  present;  nearly  all  water  consumed  in  the 
basin  is  drawn  from  ground  water  sources.  Because 
surface  water  represents  the  much  greater  percentage 
of  water  available  in  the  basin,  and  because  of  the 
relatively  high  quality  of  the  surface  water,  a substan- 
tial resource  is  available  for  future  users. 

Quantity  Available 

Streams.  Two  stream  discharge  stations,  one 
located  on  the  South  Fork  of  the  Stillaguamish  River 
near  Granite  Falls  and  the  other  on  the  North  Fork 
near  Arlington,  measure  runoff  from  about  three- 
fourths  of  the  basin.  During  the  period  of  record, 
1931  through  1960,  stream  flows  averaged  1,850  cfs 
on  the  North  Fork  (photo  5-1),  and  1,085  cfs  on  the 
South  Fork.  Variations  in  average  annual  discharge 


PHOTO  6-1.  The  North  Fork  of  the  Stillaguamish 
River,  and  other  surface  water  supplies  in  the  basin, 
present  a mostly  untapped  resource. 


TABLE  5-4.  Low-flow  frequency. 


Discharge  station 

Recur- 

rence 

interval 

(years) 

7-day 

low- 

flow 

(cfs) 

30-day 

low- 

flow 

(cfs) 

North  Fork  near  Darrington 

5 

45 

56 

to 

38 

46 

20 

33 

38 

South  Fork  near  Granite  Falls 

6 

110 

140 

10 

94 

112 

20 

82 

94 

South  Fork  near  Arlington 

5 

154 

204 

10 

130 

163 

20 

113 

135 

during  this  same  period  included  high  and  low  flows 
of  2,615  cfs  and  1,120  cfs  on  the  North  Fork  and 
1,466  cfs  and  711  cfs  on  the  South  Fork.  The 
computed  annual  flow  in  the  main  stem  of  the 
Stillaguamish  River  below  Arlington,  as  estimated 
from  the  flow  in  the  North  and  South  Forks,  is  3,500 
cfs. 

Runoff  is  usually  quite  high,  but  varies  widely 
during  the  winter  and  early  spring,  depending  on 
temperature  and  precipitation.  Runoff  during 
summer  and  early  fall,  largely  sustained  by  ground 
water  contributions,  is  usually  quite  low  but  increases 
temporarily  when  supplemented  by  rainfall. 

Seven-day  and  30-day  flows  that  may  be 
expected  to  occur  at  the  discharge  stations  indicated 
for  recurrence  intervals  of  5,  10,  and  20  years  are 
shown  in  table  5-4. 

Dams  and  Impoundments.  There  are  no  dams 
or  reservoirs  in  the  Stillaguamish  Basin. 

Lakes.  The  surface  area  of  lakes  and  glaciers  in 
the  basin  provides  a comparative  indication  of  the 
amount  of  stored  water.  The  few  lakes  in  the  basin 
total  about  2,600  acres,  or  4.1  square  miles,  of 
surface  area.  Cavanaugh  Lake  in  the  headwaters  of 
Pilchuck  Creek  (844  acres),  Lake  Goodwin  (547 
acres),  Lake  Shoe  craft  (137  acres),  and  Martha  Lake 
(58  acres)  are  the  largest  lakes  in  the  basin  and 
comprise  most  of  the  total  acreage.  Glaciers  in  the 
basin  have  a total  surface  area  of  about  320  acres. 
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Quality 

The  source  of  the  Stillaguamish  River  and  the 
major  portion  of  its  watershed  lie  in  Mount  Baker 
National  Forest,  where  land  use  is  restricted  primarily 
to  recreation,  fish,  wildlife,  and  lumbering.  The  water 
quality  of  the  river  in  this  area  is  excellent  for  all 
uses,  except  when  flow  conditions  produce  intoler- 
able amounts  of  turbidity  and  insoluble  iron.  Water 
quality  characteristics  as  indicated  by  chemical, 
bacteriological,  and  physical  analyses  of  water  sam- 
ples collected  from  the  water  quality  stations  are 
listed  in  Table  S-S. 

Physical.  Maximum  stream  temperatures  on  the 
North  and  South  Forks  are  relatively  low,  usually  less 
than  18?C  (64 °F)  during  the  warmest  months.  Below 
Arlington,  however,  the  Stillaguamish  River  gets 
somewhat  warmer.  A maximum  temperature  was 
recorded  on  the  main  stem  near  Silvana  of  22.8°C 
(73°  F). 

The  Stillaguamish  River  and  its  tributaries  are 
usually  turbid.  The  average  range  is  IS  to  45  JTU  on 
the  North  Fork,  South  Fork,  and  the  main  stem 
stream.  Turbidity  on  the  entire  system  ranges  from 
0.0  to  400  JTU.  Color  values  are  also  high,  attaining  a 
maximum  of  45  units  on  the  main  stem  and  30  units 
on  each  fork. 

Streamborne  sediment  in  the  Basin  is  low. 
Although  precipitation  in  the  upper  part  of  the  Basin 
is  quite  high,  a dense  cover  vegetation  retards  erosion. 
At  times,  however,  sediment  from  clay  slides  has  been 
particularly  detrimental  to  anadromous  fish  propaga- 
tion and  sport  harvests.  During  low-flow,  most 
streams  in  the  upper  drainages  are  nearly  sediment- 
free. 

Chemical.  The  chemical  quality  of  the  Stilla- 
guamish River  and  its  two  forks  is  excellent.  The 
water  is  soft,  low  in  dissolved  solids,  and  high  in 
dissolved  oxygen  concentrations.  (See  table  5-5.) 
Calcium  and  magnesium  ion  concentrations,  water 
hardness  indicators,  rarely  exceed  22  mg/1  The 
variation  in  the  ratio  of  hardness  ions  found  in  these 
waters  is  directly  related  to  flow;  the  lowest  values  of 
magnesium  are  found  during  periods  of  minimum 
flow.  Changes  in  the  magnesium  ion  ratios  produce  a 
complementary  change  in  the  calcium  ion  concentra- 
tion. The  sodium-potassium  ion  ratio  remains  fairly 
constant  throughout  the  year.  Average  dissolved 
oxygen  concentrations  are  high,  ranging  from  11.1 
mg/1  on  the  main  stem  to  11.7  mg/1  on  the  South 
Fork. 


Bacteriological.  The  bacteriological  quality  of 
the  waters  of  the  Stillaguamish  River  and  its  two 
forks  is  also  excellent.  During  the  period  of  record, 
82  percent  of  the  samples  taken  revealed  less  than 
240  coliform  organisms  per  100  ml.  This  value 
compares  favorably  with  controlled  watersheds  in  the 
study  area.  High  coliform  values  occasionally  occur 
below  points  of  heavy  population  density,  with 
maximum  MPN  values  ranging  from  930  on  the  North 
Fork  to  4,600  on  the  South  Fork.  On  the  main  stem 
near  Silvana,  the  maximum  coliform  density  observed 
was  1,500  MPN. 

GROUND  WATER 

Ground  water  sources  supply  at  present,  and 
are  expected  to  supply  in  the  future,  more  than  90 
percent  of  all  water  used  in  the  basin.  Tests  of  ground 
water  quality  and  estimates  of  reserves  indicate  that 
ground  water  sources  will  be  capable  of  meeting 
anticipated  requirements. 

Quantity  Available 

Productive  gravel  and  sand  aquifers  occur 
throughout  sediments  that  occupy  about  150  square 
miles  in  the  central  and  upper  valleys  of  the  North 
and  South  Forks.  In  addition,  important  aquifers  are 
found  in  coarse  sedimentary  zones,  which  cover  a 
roughly  equal  area  in  the  lowlands,  and  in  deposits  of 
alluvium,  consisting  mostly  of  sand,  silt,  clay,  and 
peat  on  the  flood  plain  and  delta  of  the  Stillaguamish 
River. 

Estimates  of  annual  recharge  are  not  presently 
available  for  the  central  and  upper  valley  of  the  North 
and  South  Forks.  However,  lowland  aquifers,  re- 
charged almost  completely  by  precipitation,  receive 
an  estimated  average  of  about  40,000  acre-feet  of 
recharge  annually.  Not  all  of  this  recharge  can  be 
captured  by  wells  because  most  of  the  ground  water 
is  discharged  into  the  river  and  its  tributaries  or  into 
Port  Susan  through  submarine  springs.  However, 
assuming  only  a 50  perunt  reclamation,  ground 
water  sources  appear  able  to  supply  present  and 
anticipated  needs. 

Quality 

Ground  water  in  the  Basin  is  generally  of  good 
quality.  The  quantity  of  dissolved  solids  is  usually  less 
than  200  ppm  and  rarely  exceeds  300  ppm.  Water 
hardness  ranges  from  60  to  120  ppm;  and  silica 
content  is  usually  between  20  and  40  ppm.  Ground 
water  quality  data  are  presented  in  Table  5-6. 
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TABLE  5-6.  Surface  water  quality. 
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TABLE  5-6.  Ground  water  quality. 


(mo/ll 


U.  S.  Government  (USFS) 

30/8-16 

3/16/60 

19.0 

20 

5.3 

5.8 

1.3 

0.1 

105 

72 

167 

8.1 

City  of  Arlington 

31/5-2L1 

4/27/61 

48 

8.5 

0.08 

9 

3.6 

2.2 

0.7 

0.7 

0.00 

58 

37 

86 

7.2 

Peter  Henning 

31/5-7G1 

10/5/60 

49 

39.0 

1.80 

39 

19.0 

47.0 

178 

583 

7.2 

A.  J.  Strotz 

31/5-7H1 

9/2/44 

28.0 

9.404 

17 

14.0 

5.5 

2.3 

4.6 

131 

100 

217 

6.7 

A.  C.  Ladd 

32/4-28B1 

10/12/60 

53 

30.0 

0.04 

18 

11.0 

8.7 

1.1 

6.0 

0.09 

152 

92 

230 

7.0 

Stanwood  Water  Co. 

(Well  4) 

32/4-29B2 

10/5/60 

48 

33.0 

0.13 

22 

13.0 

16.0 

6.4 

0.6 

0.96 

180 

106 

276 

8.2 

G.  M.  Eliot 

32/6-18H1 

10/5/60 

49 

24.0 

0.83 

40 

17.0 

66.0 

6.4 

6.6 

1.60 

357 

169 

561 

7.7 

* Location  cod*  it  the  legal  description  of  the  titt  of  the  wtil  or,  In  torn*  cam,  spring. 
For  axemple,  27/2-25N2  indicate*  township  27,  range  2 east  (range  watt  would  be 


indicated  by  2W),  taction  26,  40-acre  plot  N,  and  the  second  wall  (2)  in  that  plot 
(a  letter  t after  the  numeral  would  indicate  a spring). 

b Residue  after  evaporation  at  180°C  (366°F). 
c Micromhos  at  26*0  (77°F). 

d Total  iron  oonaentratlon.  Ail  values  not  noted  represent  iron  in  solution  at  the  time 
the  sample  was  collected. 

Source:  GROUND  WATER  IN  WASHINGTON,  ITS  CHEMICAL  AND  PHYSICAL  QUALITY, 
Watar  Supply  Bulletin  No.  24,  Washington  State  Department  of  Conservation. 
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PRESENT  AND  FUTURE  NEEDS 


As  in  any  other  area,  the  prime  factors  deter- 
mining future  water  requirements  in  the  Stillaguamith 
basin  are  population  and  industrial  growth,  including 
increases  in  agricultural  production.  As  these  fact  on 
increase,  withdrawal  and  use  of  water  also  increase, 
but  at  a slightly  greater  rate. 


present  and  the  year  2020,  as  shown  in  Figure  5-3. 
Agricultural  activities  are  expected  to  increase  mod- 
erately through  the  year  2000  and  then  show  a 
relatively  sharp  increase  to  meet  the  demands  of 
adjacent  metropolitan  centers.  The  increase  in  pro- 
duction of  agricultural  products  is  slso  expected  to 
cause  a substantial  increase  in  the  growth  of  food 
PROJECTED  POPULATION  GROWTH  processing  industries. 

The  production  of  stone,  day,  and  glass  is 
The  1967  Basin  population  of  18,300  is  fore-  estimated  to  increase  at  s rate  similar  to  that  of  the 
cast  to  increase  60  percent  to  30,200  by  1980, 157  food  production  Industrie*, 

percent  to  48,500  by  2000,  and  310  percent  to  The  increase  in  pulp  and  paper  production  in 

77,800  by  2020.  Figure  5-2  illustrates  predicted  Basin  nearby  basins  is  expected  to  be  accompanied  by  a 

populations  in  the  various  areas.  The  most  rapid  steady  decrease  in  lumbering  as  timber  usage  shifts 

growth  is  expected  to  occur  in  the  Stanwood  area  in  from  lumber  production  to  pulp  production, 
accordance  with  forecast  industrial  expansion. 

PROJECTED  WATER  REQUIREMENTS 

PROJECTED  INDUSTRIAL  GROWTH 

Total  water  requirements  in  the  Basin  are 
Production  growth  of  the  major  water  using  predicted  to  reach  16.6  mgd  by  the  year  2020, 
industries,  in  terms  of  value  added  to  the  community,  representing  an  increase  of  nearly  800  percent  from 

is  expected  to  increase  by  200  percent  between  the  1965  usage.  Figure  5-4  illustrates  municipal  and 

qq  industrial  water  requirements  by  service  area.  Tables 

/5-7, 5-8,  and  5-9  detail  water  use  requirements  for  the 
years  1980,  2000,  and  2020.  Table  5-10  summarizes 
projected  water  needs  in  the  Basin. 

Municipal 

Water  requirement  projections  indicate  that 
municipal  users  will  need  about  2.4  mgd  (51  percent 
of  the  total  usage)  by  1980, 5.0  mgd  (S4  percent)  by 
2000,  and  9.8  mgd  (57  percent)  by  2020.  Per  capita 


1983  1980  2000  2030 

YEAR 

FIGURE  6-3.  Rotative  production  growth  tar  me|or 
water-using  industries. 


1999  1990  2000 

YEAR 

FIGURE  6-2.  Projected  population  growth. 


municipal  water  use  is  expected  to  increase  from 
about  147  gallons  per  day  in  1965,  to  198  gpd  in 
1980,  to  206  gpd  in  2000,  and  to  228  gpd  in  2020.  A 
percentage  increase  in  municipal  water  requirements 
relative  to  total  water  usage  is  largely  accounted  for 
by  increased  per  capita  usage  and  a slight  population 
shift  to  the  more  urbanized  areas. 

Industrial 

Industrial  water  requirements,  presently  0.6 
mgd,  are  expected  to  increase  to  0.8  mgd  by  1980,  to 
1.7  mgd  by  2000,  and  to  3.0  mgd  by  2020.  Through- 
out the  period,  industrial  demand  accounts  for  about 
18  percent  ot  the  total  projected  water  use  in  the 
basin. 

Rural-Individual 

Rural-individual  water  requirements  are 
expected  to  increase  to  about  1.3  mgd  by  1980,  to 
2.2  mgd  by  2000,  and  to  about  3.8  mgd  by  2020. 
But,  in  keeping  with  the  increased  trend  toward 
urbanization,  this  demand  will  represent  a steadily 
decreasing  percentage  of  total  water  needs  in  the 
basin. 


TABLE  5-7.  Pro)ected  water  use  (I960). 


FIGURE  5-4.  Location  of  projected  water  supply 
needs. 


System 

Estimated 

population 

wrved 

Surface  wee 

Hwiwn 

monthly 

Ground  water  uame  (mad) 
Average  Maximum 

dally  monthly 

MUNICIPAL  USE 
Arlington 

3,100 

0.6 

08 

Stanwood 

5,000 

— 

— 

1.0 

1.4 

Granite  Falti 

1,000 

— 

- 

02 

0.3 

Rural  community  nWiw 

3,000 

0.2 

0.3 

0.4 

ae 

—— 

Subtotal 

13,100 

0.2 

0.3 

2.2 

&1 

RURAL-INDIVIDUAL  USE 

18,100 

- 

- 

t* 

18 

INDUSTRIAL  USE 
8ttnwood 
Food  kindred 

08 

ost* 

i 

!«■ 

■ e 

■ 

Toed 

30,200 

0.2 

0.3 

43 

108 

Seed  on  eammad  70  gped  and 

150*  of  neat- Individual 

population 

awvad  by  ground 

wewr  by 

1980. 

k 


TABLE  5-8.  Projected  water  uae  (2000). 


I 

Syatam 

Eatimatad 

population 

aaruad 

Surfea.wear 
Avarag a 
drily 

iMMi  (mod) 
IMaximum 
monthly 

Ground  watar 

Avarua 

dally 

Maximum 

monthly 

MUNICIPAL  USE 

1 

Arlington 

7,300 

— 

— 

1JB 

2.1 

Stanwood 

10,000 

— 

— 

2.1 

2.9 

• 

Gran  ha  Falla 

2JOOO 

— 

— 

0.4 

0.8 

I 

Rural  community  ayatama 

8,000 

0.3 

0.4 

0.7 

1.0 

Subtotal 

24,300 

0J 

0 A 

4.7 

06 

RURAL-fNOIVIOUAL  USE 

24,200 

- 

- 

2.2* 

10 

INDUSTRIAL  USE 

Stanwood 

Food  and  kind  rad 

- 

- 

- 

1.7 

Total* 

48,600 

03 

04 

8.8 

21.6 

"Baaed  on  wumid  90  gpcd  and  100%  of  rural  individual  population  aarved  by  ground  water  by  1980. 
Saaad  on  praam  (1988)  ratio  of  ADU  to  MMU. 
cFiguraa  ara  rounded. 

y j 

TABLE  84.  Projected  water  uaa  (2020). 


TABLE  5-10.  Summary  of  projactad  water  needs. 


Estimetad 

Surface  water  usage  Imad)  Ground  water  uaaae  (mad) 

Total 

ua«a(mad) 

System 

population 

served 

AVOTQB 

(Mty 

Maximum 

monthly 

Avsraes 

otesiy 

Maximum 

monthly 

Averan 

daily 

• Maximum 
monuiry 

Municipal 

1966 

6,800 

0.1 

0.1 

0® 

1.6 

1.0 

1.6 

1960 

12,100 

0.2 

0.3 

22 

3.1 

2.4 

14 

2000 

24,300 

0.3 

A4 

4.7 

6.6 

6 JO 

7 JO 

2020 

42,900 

0.6 

0.7 

9A 

13.1 

9 A 

13A 

Industrial 

1966 

— 

— 

0.6 

4A 

0.6 

4A 

I960 

— 

— 

— 

0A 

6A 

0A 

A0 

2000 

— 

— 

— 

1.7 

12A 

1.7 

12A 

Rural- 

2000 

— 

— 

3A 

22.0 

3A 

22.0 

IndMdual 

1966 

12,100 

0.1 

0.1 

0.6 

0.9 

0.7 

1.0 

I960 

18,100 

- 

- 

1.3 

1A 

1.3 

1A 

2000 

24,200 

- 

- 

22 

3A 

22 

3A 

2020 

36,000 

3A 

6.4 

3A 

5.4 

Totals 

1966 

18,900 

0.2 

02 

2.1 

6.4 

2.3 

A6 

1900 

30,200 

0.4 

0.6 

4.3 

10A 

4.6 

11.2 

2000 

48,600 

0A 

0A 

8A 

21.6 

8.9 

22.0 

2000 

77,800 

1® 

1.4 

16.1 

40A 

17.1 

41.2 

i:  All 


figures  aw  rounded  to  one  decimal  piece. 


MEANS  TO  SATISFY  NEEDS 


GENERAL 


The  projected  annual  water  uae  is  expected  to 
reach  13  mgd  by  the  year  2020.  This  is  aa  increaw  of 
11  0*4  ©ear  the  1965  aver**  use. 
or  peak  water  requirements  wfll  be  abnoat 
four  times  this  average  or  near  30  mgd.  Tables  2-10  or 
2-11,  the  Area  Plans,  summarise  the  Basin’s  annual 
average  and  optimum  requirement  in  relation  to  the 
remainder  of  the  Area.  Table  S-ll,  M A I Water 
Supply  Capital  Improvements,  reviews  the  needs  of 
the  major  water  systems  and/or  users  in  the  Basin. 

The  public  water  systems  of  Stanwood  and 
Arlington  are  expected  to  supply  about  83  percent  of 
the  total  projected  municipal  and  industrial  water 
requirements  for  the  entire  boats  by  the  yew  2020. 
Rural  suootv  systems,  art  exnected  to  provide  about 

e^wewe  vwwe^^  nwrssw|  new  v»vsrvnwu  vw  srs  vvnw  rorwwv 

4 jS  mgd  to  rbost  33,000  persona. 

TMs  amount  it  within  the  potential  of  the  baabi 
without  conflict  over  withdrawals  for  water  sunohaa. 

wrwwrwv  mnssiws  wvwe  — — sve^we  ww  wee  svw  wssvws  ersB^rsapo* 

No  need  for  water  from  outside  the  basin  is  apparent. 


Urban  growth  is  not  anticipated  to  bring  about 
sufficient  population  density  to  make  a county- 
service  or  regional  water  supply  and  transmission 
system  feasible. 

The  major  water  users  will  be  centered  around 
the  few  urbanized  areas  supplied  with  municipal  and 
industrial  water  from  presently  developed  and 
expanded  ground  water  sources  near  these  urban 
canters.  Moat  walls  in  this  area  ate  leas  than  ISO  feet 
deep  and  are,  therefore,  low  in  capital  cost. 

A plentiful  source  of  surface  water  is  also 
available  to  meet  needs.  Surface  water  would  require 
treatment  and  chlorination,  therefore  limiting  its  use 
asa  supply  eource  due  to  the  increased  cost. 

BASIN  PLANS 


The  Selected  Basin  Plan  recommended  is  to 
continue  the  use  and  development  of  present  ground 
water  suppHsa  to  the  year  2020.  AO  existing  equip- 
ment and  sources  will  continue  to  be  used,  but 
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V 

projected  source  development  will  be  from  conven-  tional  weU  after  the  year  2000  will  provide  all  future 
p tional  vertical  wella.  Table  5-12  defines  the  plan  and  needs  up  to  the  year  2020. 

includes  supply  and  transmission,  treatment,  pump-  The  water  supply  situation  for  the  City  of 

tag,  chemical,  and  annual  income  as  projected  by  the  Arlington  is  similar  to  that  of  Stanwood  except  that 

IIAI  Water  Supply  Technical  Committee.  Table  2-10  the  industrial  demand  is  smaller.  Two  existing  wells 

includes  the  storage  and  distribution  costs  for  the  now  produce  a total  of  23  mgd.  A 2.5  mgd  well 

basin.  development  by  1975  to  meet  peaks  and  a 3 X)  mgd 

The  Alternative  Basin  Plan  was  determined  on  development  in  1990  will  supply  all  water  require- 

the  basis  of  using  existing  water  supplies  with  future  ments. 

supplies  to  be  developed  from  surface  sources.  Surface  and  ground  water  supplies  can  be 

To  develop  surface  supplies  in  this  Basin  u an  economically  utilized  by  rural-individual  or  small 

alternative  to  ground  water  supplies  is  considerably  community  effort  water  systems,  such  as  wells  and 

more  expensive  and  apparently  not  within  the  present  small  surface  diverrions  and  package  treatment  plants; 
annual  income  abilities.  90  percent  of  this  coming  from  pound  water  sources. 

Table  5-13  describes  the  plan,  Table  2-11  The  major  means  are  to  enlarge  the  present  pumping, 
summarizes  costs.  Costs  for  this  Yltemative  are  treatment  and  distribution  systems  to  handle  the 

appreciably  higher,  $6  million,  than  lor  the  Selected  peak  water  demands. 

Basin  Plan.  Storage  and  distribution  costs  are  shown  Table  5-10,  Summary  of  Projected  Water 

in  Table  2-11.  Needs,  shows  the  low  level  of  need  to  2020  from  all 

Stanwood  will  not  need  additional  supply  sources.  On  this  basis,  a ground -water  source  is 

capacity  until  the  year  1975.  At  this  time,  a new  well  recommended  as  the  least  expensive  alternative,  and 

to  meet  peak  demands  will  be  required.  One  addi-  would  still  be  adequate  to  satisfy  the  projected  needs. 


r 
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TABLE  5-12.  M & I Water  Supply  Um  Planning-Praiant  to  year  2020  Selected  Baain  Plan  Stiltaguamith  Badn 


Plan 

LwH 

Source 

Development 

o I 

Devel. 

Projected 
Annual 
Wtr.  Ute 
MGD 

OPTIMUM 

CAPACITY 

MGO 

AMORTIZED 
CAPITAL  COST** 

1067 

THOUSANO  DOLLARS 

MAINTENANCE 
AND  OPER. 

Total 

Annual 

Income 

Sup*** 

Tranem. 

Supply* 

Tranem. 

Treat- 

ment 

Iron  Pumping 

Removal  Power  Cham. 

ARLINGTON 

Ptf  nt 

GW 

Local  GW  Development 

Ex  let 

0.4 

2.3 

2.3 

4 

42 

1900 

GW 

Local  GW  Development 

1S70 

1 

2.0 

24 

1B0 

6 

117 

2000 

GW 

Local  GW  Development 

ItSO 

2 

3.0 

3.0 

100 

16 

234 

2020 

No  Future  Requirements 

3 

29 

300 

ARLINGTON  SELECTED  PLAN  TOTAL 

7J 

74 

74 

S 330 

STANWOOO 

Rtf  m 

GW 

Local  GW  Owclopmcnt 

Ex  let 

1 

4.7 

4.7 

11 

117 

1«0 

GW 

Local  Oaaalopmatii 

1070 

04 

04 

30 

1060 

GW 

Local  GW  Of  lap  mint 

1070 

2 

4.0 

4.0 

240 

19 

234 

2000 

GW 

Local  GW  Development 

19S6- 

4 

0.3 

0.3 

60S 

40 

467 

2000 

2020 

GW 

Local  GW  Development 

2000- 

0 

10.6 

16.6 

006 

00 

434 

2010 

STANOWOOO  SELECTS  0 PLAN  TOTAL 

30.2 

342 

S1430 

GRANITE  FALLS 

Ftwnt 

GW 

Local  GW  Development 

Cxiet 

0.1 

0:1 

ai 

1 

12 

1900 

GW 

Local  GW  Oflopmcnt 

1970 

0.2 

04 

as 

30 

2 

23 

2000 

GW 

Local  GW  Development 

1000 

0l4 

04 

04 

30 

% 

4 

47 

2000 

GW 

Local  GW  Development 

2010 

1 

1.3 

14 

78 

10 

117 

GRANITE  FALLS  SELECTED  FLAN  TOTAL 

24 

24 

SIS© 

SMALL  O RURAL  COMMUNITY  SYSTEMS 

FflffW 

GW 

Local  GW  1 SW  Development 

EiN 

0.2 

0.2 

0.2 

1 

12 

1900 

GW 

Local  GW  ft  SW  Development 

1070 

1.1 

1.1 

00 

IN0 

GW 

LocN  GW  * SW  Development 

1070 

04 

ao 

04 

36 

4 

47 

mo 

GW 

LocN  GW  * SW  Development 

1000 

1 

1.4 

1.4 

04 

7 

117 

2000 

GW 

Omdmi ««« 

2010 

2 

1.3 

1.3 

76 

12 

117 

SMALL  • RURAL  COMMUNITY  SYSTEMS  SELECTED  FLAN  TOTAL 

44 

44 

S 264 

SELECTED  SASIN  FLAN  TOTAL 

00.2 

00.2 

S 2474 

— mtllHUi  own  tm  mr*m  cowc«».  plm  W»  n 
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TABLE  5-13.  M & I Witar  Supply  Uaa  Manning— Praaant  to  yaar  2020  Altamata  Barin  Plan  StHlaguamMi  Badn 


Win 

Lwt* 

Soun» 

Dfaiiopnpnl 

Yaw 

of 

own. 

Prefactad 

Annual 

Wtr.Uaa 

MOD 

CAPACITY 

MOD* 

AMORTIZED 
CAPITAL  COST* 

MAINTENANCE 
AND  OPCR. 

TiWl 

Annual 

Ineanw 

T*». 

i! 

Trail-  Iron 

manl  RanONl 

Pumpinf 
Pi  war 

Cham. 

ARLINGTON 

Wwnt 

GW 

LmM  QaaurM  MNNr 

Oatrt. 

04 

2.3 

2.3 

4 

47 

1900 

m 

hmtmOJmmmmt  Ommmm  RNw 

itn 

1 

• 

• 

• m 

• 

117 

am 

m 

• ti—1-imwl*  «Mr 

1000 

2 

3 

3 

3K> 

10 

234 

2030 

m 

No  PuiMli  Naadi  ICMN  on  Standby) 

3 

39 

390 

ARLINGTON  ALTSRNATIVC  WLAN  TOTAL 

• 

• 

t«.m 

9TAMMOOO 

flMM 

am 

LobsI  am  DmaMpmant 

Iain. 

9 

4.7 

4.7 

If 

117 

Wwm 

am 

LmOOWOmRomM.  ADO:  OSrrwd 

1970 

OS 

OS 

30 

mo 

m • 

OON^iiilOi  RNBrOwNRBOTiBoiwBwO 

197C 

2 

• 

4 

•30 

0 079 

19 

4 

234 

am 

m 

ldH»yv)*  RNarUuNbaSTa— wawO 

1001 

4 

9 

9 

1.309 

•79 

40 

4 

407 

3090 

m 

VMiwOMNAflB  1971 

aai 

• 

17 

17 

2.100 

1.27© 

00 

• 

034 

(Inwte  at  RM  9.1) 

39 

31 

3S23 

aaao 

STANWOOO  ALT!  RNATlVf  ALAN  TOTAL 

00S43 

0RAJMT9  PALIS 

Am  lint 

am 

LobN  OpommO  Nhp  DMoNpmiitt 

dm 

0.1 

0.1 

0.1 

1 

12 

WOO 

a*  « 

ion 

0.2 

1.0 

IS 

130 

79 

2 

23 

am 

m 

•ORNpaamNA  RNar  HrRi  A TimowR 

1000 

0l4 

IS 

IS 

100 

110 

4 

47 

am 

m 

l 

r 

i 

1 

10 

117 

2S 

3S 

0339 

0109 

ORAMT1  RALLS  ALTfRNATtVC  ALAN  TOTAL 

0910 

HALL  O RURAL  COMMUNITY  QVOTOMO 

4S 

4S 

9304 

IANIRmI 

ALTSRNATIVC  SAWN  CLAN  TOTAL 

00,397 
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FINANCE 

Annual  income  as  taken  from  Table  2-10  for 
the  Selected  and  Alternative  Plans  indicates  the 
amount  of  money  available  to  apply  for  bond  service 
(approximately  20  percent  of  the  total  annual 
income). 

The  following  figures  indicate  the  monies  avail- 
able for  bond  service  and  the  capital  expenditures 
amortized  for  30  years  at  5%  for  the  selected  and 
alternative  plans. 

Costs  as  indicated  by  the  Engineering  News 
Record  Index  are  presently  doubling  every  IS  yean. 
It  is  projected  that  by  1980  the  Stillaguamiah  Basin 
will  be  unable  to  bond  for  the  required  water  supply 


development,  and  future  construction  would  involve 
excessive  financial  burden  in  relation  to  the  Basin’s 
economic  resources  and  require  an  increase  in  water 
rates. 

Annual  Amortized 


Bond  Service 

Cost  (x  1.000) 

Available 

Selected  Alternative 

Year 

(x  1,000) 

Plan  Plan 

1965  42  S 24  S 24 


1980 

94 

80 

134 

2000 

185 

177 

237 

2020 

327 

264 

342 

) 


i 
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SNOHOMISH  BASIN 

INTRODUCTION 


The  Snohomish  Basin,  Figure  6-1,  bounded  on 
the  east  by  the  ridge  line  of  the  Cascade  Mountain 
Range  and  on  the  west  by  Puget  Sound,  is  located 
between  the  Stillaguamish  and  Cedar-Green  Basins  in 
the  central  portion  of  the  Puget  Sound  Area.  The 
basin,  occupying  about  1 ,978  square  miles  in  north- 
eastern King  and  southern  Snohomish  Counties, 
encompasses  the  urban-industrial  center  of  Everett, 
agricultural  areas  of  Snohomish  and  Monroe,  and 
small  towns  and  cities  along  the  Snoqualmie  River. 

A rapid  increase  in  population  and  industry  in 
Everett  and  vicinity  is  projected  as  part  of  the  growth 
of  the  Seattle-Everett  industrial  area,  and  the  demand 
for  industrial  and  municipal  water  will  increase 
commensurate  with  this  growth.  Estimates  based  on 
the  projected  growth  indicate  a three -fold  increase  in 
water  use  from  the  present  165  million  gallons  per 
day  to  540  mgd.  by  2020.  While  the  present  supply 
of  surface  and  ground  water  is  adequate,  additional 
water  storage  facilities,  some  of  which  are  already  in 
the  development  stage,  will  be  required  to  stabilize 
the  water  supply  throughout  the  year. 


GEOGRAPHY 


A large  part  of  the  Snohomish  basin  is  moun- 
tainous terrain  (photo  6-1),  rugged  foothills,  valleys, 
and  streams;  the  remaining  portion  consists  of  rolling 
hills  and  flatland,  much  of  which  is  fertile  agricultural 
land.  The  eastern  portion  of  the  basin  is  a heavily 
forested,  mountainous  region,  with  such  outstanding 
physical  features  as  Snoqualmie  Falls,  Snoqualmie 
Mountain,  and  Mount  Daniel.  The  topography  of  the 
western  portion  of  die  basin  is  characterized  by 
rolling  hills,  which  taper  off  into  sea  level  tidal  flats  at 
the  mouth  of  the  Snohomish  river. 

Much  of  the  original  lowland  forest  cover  of 
Snohomish  County  has  been  removed  by  logging  and 
clearing,  but  the  mountainous  eastern  section  is  still 
covered  by  large  stands  of  virgin  forest.  Despite  heavy 
forest  cutting,  there  is  still  a rich  resource  of  timber 
for  lumber  production  and  paper  manufacturing. 

The  Skykomfcb  and  Snoqualmie  Rivers,  which 
join  near  the  town  of  Monroe  to  form  the  Snohomish 


River,  are  the  most  important  river  systems  in  the 
basin.  The  Skykomish  river  and  its  major  tributaries, 
the  North  and  South  Forks  and  the  Sultan  River, 
form  the  largest  river  system  in  the  basin  and  drain 
nearly  850  square  miles  in  the  northern  portion  of 
the  basin.  The  Snoqualmie  River  and  its  major  tribu- 
taries, the  North,  Middle,  and  South  Forks  and  the 
Tolt  River  drain  approximately  690  square  miles  in 
the  southern  portion  of  the  basin.  The  remainder  of 
the  basin  west  of  Monroe  drains  directly  into  the  Sno- 
homish River  through  a number  of  small  tributary 
rivers  and  streams. 

CLIMATE 

Because  of  the  large  variation  in  elevation,  the 
basin  exhibits  marked  differences  in  climate.  Mean 
temperatures  vary  from  10°C  (50°  F)  at  the  lower 
elevations  to  6.2°  C (43°  F)  in  the  mountains,  and 
maximum  temperatures  of  over  37.8°C  (100°F)  at 
the  lower  elevations  and  a minimum  of  -8.4°C 
(-18°  F)  at  Snoqualmie  Pass  have  been  recorded.  Mean 
annual  precipitation  varies  from  about  180  inches  in 
the  headwaters  of  the  Skykomish  and  Snoqualmie 
Rivers  to  about  30  inches  near  the  mouth  of  the  Sno- 
homish River.  Mean  annual  snowfall  is  generally  less 
than  10  inches  in  the  lowlands.  However,  it  reaches 
458  inches  at  Stampede  Pass.  Approximately  75  per- 
cent of  the  yearly  precipitation  falls  during  October 
through  March.  The  growing  season  varies  from  165 
days  in  southern  Snohomish  County  to  240  days  in 
northern  King  County. 

POPULATION 

The  Snohomish  Basin,  which  in  1965  had  an 
estimated  population  of  201 ,300,  includes  the  north- 
ern portions  of  the  Pacific  Northwest’s  largest  metro- 
politan area-the  Seattle-Everett  urban  area.  In  1965 
the  Everett  urban  area  was  estimated  to  have  a 
population  of  about  52,000  persons.  Other  urban 
areas  of  the  Snohomish  Basin  are  the  relatively  small 
towns  of  Snohomish,  Monroe,  Snoqualmie,  North 
Bend,  Sultan,  Snoqualmie  Falls,  Carnation,  Duvall, 
Gold  Bar,  Startup,  and  Index. 
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PHOTO  6-1.  The  Alpine  Lakes  area  in  Snoqualmie 
National  Forest  is  typical  of  mountainous  terrain  in 
the  eastern  part  of  the  basin. 


The  establishment  by  The  Boeing  Company  of 
the  large  Model  747  airplane  manufacturing  facility 
near  Everett  has  contributed,  and  will  continue  to 
contribute,  to  the  increasing  population  in  the 
Everett  region.  Population  expansion  in  the  Seattle 
area,  with  an  increasing  shift  of  residential  develop- 
ments east  of  Lake  Washington  into  the  basin,  will 
add  to  the  population  of  the  smaller  towns. 

ECONOMY 

The  economy  of  the  basin  is  dominated  by 
lumber  and  paper  industries,  and,  to  an  increasing 
degree,  by  airplane  manufacturing  (The  Boeing  Com- 
pany). The  various  industries  are  concentrated  in  and 


around  Everett,  and  are  a part  of  the  vast  Seattle- 
Everett  urban-industrial  complex.  Logging  and  some 
oU:<  r related  industries  are  spread  along  the  major 
rivers  in  the  mountainous  areas.  The  flatlands  sur- 
rounding the  lower  Snohomish  and  Snoqualmie 
Rivers  are  devoted  to  agricultural  products,  primarily 
dairying  and  associated  activities.  Other  industries  in 
the  basin  include  boat  building,  food  processing,  and 
a multitude  of  smaller  manufacturing  firms. 

As  a result  of  the  industrial  and  population 
growth  of  the  area,  the  economy  is  certain  to  benefit 
from  the  development  of  many  smaller  industrial 
firms  and  the  many  supply  and  service  businesses 
required. 

LAND  USE 

Forested  areas,  mostly  in  the  northern  and 
eastern  portions  of  the  basin,  comprise  more  than  80 
percent  of  the  land  area  in  the  Snohomish  basin. 
Cropland  and  rangeland,  largely  concentrated  in 
bottomlands  of  the  Snohomish  and  Snoqualmie 
Rivers,  account  for  slightly  more  than  8 percent  of 
the  total  acreage.  Urban  developments  concentrated 
in  and  around  Everett  occupy  less  than  two  percent 
of  the  total  land  area.  Table  6-1  shows  the  various 
uses  of  land  in  the  Snohomish  basin. 


TABLE  6-1.  General  land  use. 


Use 

Acres 

Forestland 

1 065,000 

Cropland 

72,000 

Rangeland 

2,000 

Othar  land  (high,  barren) 

29,000 

Urban  buildup 

36,000 

Inland  water 

24,000 

Salt  water 

49,000 

Total* 

1,218,000 

'Source:  Appendix  III,  Hydrology. 
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PRESENT  STATUS 


WATER  USE 

An  average  of  more  than  > 64  million  gallons  of 
fresh  water  is  supplied  daily  to  present  municipal, 
industrial,  and  rural-individual  users.  Of  this,  81  per- 
cent (134  mgd)  is  used  in  the  pulp  and  paper  indus- 


tries. Approximately  98  percent  of  the  total  water  is 
supplied  from  surface  sources;  the  remaining  water  is 
supplied  by  various  municipal  and  private  wells.  Table 
6-2  lists  fresh  water  consumption  statistics  for  the 
Snohomish  basin. 
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TABLE  6-2.  Water  use  (1965). 
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< 

| 


i 


System 

Estimated 

population 

served 

Surface  water  usage  (mod) 
Average  Maximum  Maximum 
daily  monthly  daily 

Ground  water  usaoe 
Average  Maximum 
daily  monthly 

(mud) 

Maximum 

dally 

MUNICIPAL  USE 

Everett 

126,500 

20.10 

23.10 

33.76 

— 

— 

— 

Atderwood  Water  District 

(66,000) 

(5.60) 

(8.50) 

(14.00) 

- 

- 

- 

Monroe 

(4,600) 

(0.36) 

(0.40) 

(0.56) 

— 

— 

— 

Maryeville 

4,600 

- 

- 

0.75 

1.12 

1.60 

Snohomish 

4,000 

11.50) 

(3.00) 

(4.26) 

— 

— 

— 

Edmonds* 

10,000 

0.58 

0.87 

1.16 

— 

— 

— 

Snoqualmie 

2,700 

- 

— 

— 

0.16 

0.31 

0.47 

North  Bend 

2,000 

0.20 

0.22 

0.26 

— 

— 

— 

Carnation 

1,260 

— 

— 

0.12 

0.25 

0.36 

Pall  City  Water  Company 

1,200 

— 

— 

- 

0.10 

0.20 

0.29 

Duvall6 

(626) 

(0.03) 

(0.06) 

(0.10) 

— 

— 

- 

Skykomish  Water  District 

500 

- 

— 

0.10 

0.20 

0.30 

Other  rural  community  systems 

2,110 

0.28 

0.39 

0.44 

0.10 

0.21 

0.36 

Subtotal 

164,760 

22.69 

27.68 

39.96 

1.33 

2.29 

3.27 

RURAL-INDIVIDUAL  USE 
INDUSTRIAL  USE 

Municipally  supplied: 
Everett 

36,940 

0.20° 

0.28 

0.40 

1.78 

2.50 

3.50 

Paper  and  allied 



102.00 

106.00 

112.00 

— 

— 



Lumbar  and  wood 

2.16 

2.36 

2.63 

— 

— 

— 

Chemicals,  metals,  oils 

0.06 

0.07 

0.08 

— 

— 

— 

Stone,  day,  glaas 
Snohomish 

0.26 

0.26 

0.30 

— 

— 

Pood  and  kindred 

1.76 

1.90 

2.10 

- 

- 

— 

Self -supplied: 

Paper  and  allied 

32.00 

33.30 

36.20 

— 

— 

— 

Stone,  day,  giaae 

0.12 

0.12 

0.12 

0.36 

0.72 

1.08 

Subtotal 

138.30 

144.00 

162.40 

0.36 

0.72 

1.08 

Total d 

190.700 

161.21 

171.90 

193.00 

3.50 

6.50 

7.90 

*Edmonde  also  aupplM  by  Aldsrwood  Water  District  and  Olympic  View  Water  District. 
6 Duvall  served  by  Seattle. 


e8aaed  on  eaeunud  66  gpod. 

^Figures  we  rounded. 

* Estimated  population  carved  le  not  the  population  of  the 
Incorporated  area  of  #»  city  but  is  that  population  (turn  of 
permanent  and  teaeonaO  from  Table  2-7  which  determines 
Me  "average  retina”  for  each  baein.  This  population  hat  been 
included  in  the  neareet  municipal  system  tinea  the  munici- 
pality It  often  dw  tenter  tupplier  for  the  smaller  adjoining 


6-3 


Total  average  daily  municipal  water  use  from 
both  surface  and  ground  sources  is  24.02  mgd,  about 
14  percent  of  all  water  used  in  the  basin. 

Average  municipal  water  use  within  the  city 
limits  of  Everett,  based  on  data  for  the  3-year  period 
1960  through  1962,  and  the  7-month  period  March 
through  September  1966,  is  approximately  16  mgd. 
In  1966,  total  use  outside  the  Everett  city  limits 
averaged  S.6  mgd,  with  the  Alderwood  Water  District 
using  most  of  the  water.  The  usage  figures  include 
water  distributed  for  public,  domestic,  and  com- 
mercial use  as  well  as  water  distributed  for  use  by  the 
type  of  small  industries  common  to  a municipality 
the  size  of  Everett.  16.6  percent  of  the  water  from 
the  Everett  system  goes  to  municipal  use. 

Per  capita  water  use  varies  from  city  to  city 
within  the  basin,  but  per  capita  water  usage  averages 
ISO  gpd,  based  on  the  total  amount  of  municipal 
water  used  and  the  total  municipal  population  served. 

The  city  of  Everett  sells  water  within  the  city 
on  a flat  rate  basis  rather  than  a metered  usage  figure. 
This,  in  large  part,  accounts  for  the  rather  high  overall 
per  capita  use  of  320  gpd  within  the  city.  Everett  also 
supplies  water  to  the  Alderwood  Water  District,  a 
completely  metered  system.  Per  capita  usage  within 
this  area  is  markedly  lower,  about  85  gpd.  Municipal 
per  capita  water  use  for  the  remaining  areas  is  about 
100  gpd. 

Demand  profiles  for  the  city  of  Everett 
are  shown  in  figure  6-2.  During  the  month  of  August, 
municipal  consumption  reaches  a peak  of  1 10  percent 
of  the  average  annual  municipal  consumption.  This  is 
much  lower  than  summer  consumption  in  the  Seattle 
and  Tacoma  areas.  The  industrial  water  use  profile 
shows  less  variation  than  the  municipal  profile, 
mainly  because  of  the  relatively  constant  use  of  water 
by  the  pulp  and  paper  industry.  The  total  system 
profile,  ranging  between  95  and  105  percent  of  the 
average  annual,  reflects  the  leveling  effect  of  the 
industrial  segment. 

Industrial 

Industrial  consumers  use  more  than  85  percent 
of  all  water  required  in  the  basin.  Pulp  and  paper 
plants  located  in  the  Everett  area  are  by  far  the 
largest  water  users  in  the  basin.  Collectively,  they 
consume  about  81  percent  (134  mgd)  of  the  total 


water  supplied  in  the  basin.  Table  6-3  presents  a 
breakdown  of  water  use  by  the  various  pulp  and 
paper  plants. 

Rural-Individual 

Rural-individual  use  of  fresh  water,  supplied 
mainly  by  private  and  community  wells,  accounts  for 
slightly  less  than  2 mgd,  approximately  2.2  percent  of 
of  the  total  basin  fresh  water  use.  Rural  per  capita  use 
of  water  is  approximately  55  gallons  per  day. 

WATER  SUPPLIES 

About  70  water  systems  in  the  Snohomish 
basin  serve  a total  of  about  125,000  people,  or  about 
70  percent  of  the  1965  basin  population.  The  systems 
vary  widely  in  size,  with  more  than  90  percent  serving 
fewer  than  200  people  each. 

1 10  I-  Total  System  Demand 


Industrial  Demand 
(Pulp  and  Paper  Plants) 


J PMAMJJA 


FIGURE  6-2.  Everett  water  use  profiles. 
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TABLE  6-3.  Industrial  water  use. 


Plant 

Contract 
demand 
(city  source) 

Production 
capacity 
(to  ns/ Day) 

Average 
daily  use 
(mgd) 

Unit  we  tar 

use 

(gallons/ton) 

Scott  Paper  Company 
(sulfite  pulp) 

828 

56 

66,500 

Scott  Papar  Company 

(sulfite  paper)  J 

67 

528 

10 

19,000 

Weyerhaeuser  Company 
(sulfite  pulp) 

304 

27 

88,700 

Weyerhaeuser  Company 
(sulfate  pulp) 

28 

417 

32* 

76,800 

Simpson  Lee  Company 
(paper) 

Simpson  Lae  Company 

12 

180 

10 

36,800 

(sulfate  pulp) 
Total 

Average  Unit  Use 

707 

100 

2,367 

134 

67,000 

•self-eupplied. 


Present  municipal,  industrial,  and  domestic 
water  use  in  the  Snohomish  basin  averages  about  164 
mgd  (254  cfs).  Surface  water  supplies  161  mgd  (252 
cfs)  of  this  total,  and  ground  water,  taken  from 
municipal,  community,  and  private  wells,  supplies  the 
remaining  3 mgd. 

Municipal 

Everett  uses  surface  water  drawn  from  the 
Sultan  River  at  its  source  of  supply.  Water  is  diverted 
from  the  Sultan  River,  flows  by  pipeline  and  tunnel 
to  Lake  Chaplain  (photo  6-2),  which  serves  as  a 
sedimentation  basin  and  storage  reservoir,  and  is  then 
delivered  to  Everett  through  four  pipelines.  The 
present  peak  capacity  of  Everett’s  water  supply 
source  and  transmission  facility  is  170  mgd.  The 
present  storage  capacity  of  Lake  Chaplain  is  4J5 
billion  gallons  (13,300  acre-feet),  and  Everett  and  the 
Snohomish  County  PUD  No.  1 have  completed  the 
first  stage  of  a reservoir  on  the  Sultan  River  which 
does  provide  31,000  acre-feet  of  additional  water 
storage  capacity. 

Everett  supplies  about  90  percent  of  the 
municipal  water  requirements  of  its  urban  area.  The 
remainder  is  supplied  by  the  separate  facilities  of 
several  communities  and  water  companies.  Everett 


also  provides  water  to  Monroe  and  to  the  Alderwood 
Water  District,  which  in  turn  supplies  water  to 
Mountlake  Terrace,  Brier,  Lynnwood,  and  Edmonds. 

Marysville  delivers  approximately  0.75  mgd.  to 
an  estimated  4,500  persons.  The  water  comes  from  a 
spring  and  several  wells,  and  is  chlorinated  before 
delivery. 


PHOTO  6-2.  Lake  Chaplain  stores  water  for  munici- 
pal and  industrial  use  In  Everett. 
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Monroe  receives  treated  water  from  Everett, 
but  also  has  wells  for  standby  and  peaking  purposes. 
The  ground  water  is  disinfected  before  distribution. 
The  system  provides  approximately  0.35  mgd  average 
daily  use  to  an  estimated  4,500  persons,  including  the 
Sky  Meadows  Water  District  and  the  Washington 
State  Reformatory. 

Snohomish  obtains  its  water  supply  from  the 
Pilchuck  River.  After  disinfection,  water  is  furnished 
to  an  estimated  4,000  people  at  an  estimated  average 
daily  use  of  0.50  mgd. 

Snoquatntie,  Carnation,  Skykormeh  Water  Dis- 
trict’s, serving  an  estimated  total  of  4,450  people,  use 
ground  water  obtained  from  springs  or  wells,  and  do 
not  provide  treatment.  Total  average  daily  water  use 
by  these  three  towns  is  about  0.38  mgd. 

North  Bond,  Qold  Bar,  Index  Water  District’s 
obtain  water  supplies  from  surface  sources,  and  serve 
approximately  2,630  people.  North  Bend  and  Gold 
Bar  Water  District  disinfect  their  water;  the  town  of 
Index  does  not  treat  its  water  supply  at  the  present 
time.  Total  average  daily  use  by  these  systems  is 
about  0.45  mgd. 

DuvaH.  obtains  water  from  the  Seattle  water 
system,  disinfects  the  water,  and  distributes  h to 
about  525  people  at  an  averrage  rate  of  about  0X132 
mgd. 

Industrial 

Scott  Paper  Company,  Simpson  Lee  Paper 
Company,  and  the  Weyerhaeuser  Company  sulfite 
mill  obtain  water  from  the  city  of  Everett.  They  are 
supplied  a combined  total  of  102  mgd,  or  78.5  per- 
cent of  the  total  water  used  in  the  basin.  The  Weyer- 
haeuser Company  sulfate  (Kraft  process)  pulp  mill  in 
Everett,  presently  obtains  about  32  mgd  of  water 
from  the  Snohomish  River  and  is  the  only  major 
industrial  water  user  in  the  basin  with  a private  source 
of  supply. 

Rural-Individual 

Based  on  3.4  persons  per  household,  an  esti- 
mated 35,940  persons  are  supplied  an  average  of  1 .98 


mgd  by  9,700  rural-individual  water  systems.  An 
estimated  90  percent  of  these  systems  utilize  ground 
water,  mainly  from  private  and  community  wells. 

WATER  RIGHTS 

Water  rights  in  the  Snohomish  basin  were 
summarized  by  the  Washington  State  Department  of 
Conservation  (now  Department  of  Water  Resources) 
in  1962.  This  summary  lists  716  applications  for 
diversions  totaling  over  5,600  cfs  in  the  entire  basin. 
Temporary  permits  have  been  granted  to  442  of  these 
applicants  in  the  amount  of  nearly  1 ,300  cfs.  Three 
hundred  and  sixty-two  certified  or  permanent  water 
rights  have  been  issued  for  approximately  600  cfs. 

Water  rights  in  the  Skykomish  River  basin  total 
4,765  cfs.  Applications  account  for  3,660  cfs  of  this 
amount,  with  temporary  permits  and  certified  water 
rights  accounting  for  678  and  426  cfs,  respectively. 

In  the  Snoqualmie  River  basin,  water  rights 
total  2,282  cfs.  Applications  account  for  1,792  cfs  of 
this  amount,  with  temporary  permits  and  certified  or 
permanent  water  rights  accounting  for  394  and  95 
cfs,  respectively. 

Table  6-4  lists  a summary  of  surface  and  ground 
water  rights,  applications,  permits  and  certificates  for 
the  Snohomish  basin. 


TABLE  6-4.  Municipal  & Industrial  water  rights. 


Type 

Muni- 

cipal 

(mgd) 

Indi- 
vidual 
and 
com- 
munity 
domes- 
tic (mgd) 

Indus- 

trial 

and 

com- 

mercial 

(mgd) 

Surface  water 

448.1 

37.3 

70.0 

Ground  water 

8.5 

13.5 

5.1 

Total" 

467.6 

50.8 

76.1 

"About  680  mgd  In  additional  appropriate*  rights  have 
been  granted  for  other  consumptive  met  in  the 
basin. 


WATER  RESOURCES 


# 

I 


I 


SURFACE  WATER 
Quantity  Available 

Straams.  The  Snohomish  River,  formed  by  the 
junction  of  the  Skykomish  and  Snoqualmie  Rivers 
near  the  town  of  Monroe,  is  between  3S0  and  500 
feet  wide  and  is  affected  by  tides  for  a distance  of  18 
of  its  22  miles  of  length. 

The  Skykomish  River,  largest  tributary  of  the 
Snohomish  River,  with  a drainage  area  of  844  square 
miles,  is  formed  by  the  junction  of  its  North  and 
South  Forks  near  the  town  of  Index.  It  flows 
westerly  about  28  miles  to  its  confluence  with  the 
Snoqualmie  River. 

The  Snoqualmie  River  has  a drainage  area  of 
693  square  miles.  It  is  formed  by  the  junction  of  the 
North,  Middle,  and  South  Forks  near  the  town  of 
North  Bend,  about  four  miles  upstream  from  Sno- 
qualmie Falls  (photo  6-3).  Below  the  falls,  the  river 
flows  northwesterly  about  36  miles  to  its  confluence 
with  the  Skykomish  River. 


hi 
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PHOTO  6-3.  Snoqualmie  Falls,  which  drops  286 
feet,  is  nearly  dry  during  tow- flow  periods  when  most 
of  the  water  paaaaa  through  power  generation  tur- 
bines. 


More  than  20  stream  discharge  stations  are 
currently  operating  in  the  Snohomish  River  basin. 
However,  only  four  of  these  stations  supply  accurate 
information  on  total  basin  drainage.  Two  discharge 
stations,  one  on  the  Skykomish  River  at  Gold  Bar  and 
one  on  the  Sultan  River  near  Startup,  measure  runoff 
from  535  square  miles  drained  by  the  forks  of  the 
Skykomish  River  and  from  74.5  square  miles  drained 
by  the  Sultan  River.  These  stations  provide  runoff 
data  for  nearly  75  percent  of  the  area  drained  by  the 
Skykomish  River  system.  A discharge  station  on  the 
Snoqualmie  River  near  Carnation,  downstream  from 
the  junction  of  the  Snoqualmie  and  Tolt  Rivers,  mea- 
sures runoff  from  approximately  90  percent  (603 
square  miles)  of  the  area  drained  by  the  Snoqualmie 
River  system.  A discharge  station  near  the  mouth  of 
the  Snohomish  River  near  the  town  of  Snohomish 
measures  runoff  from  the  entire  Snohomish  basin. 
However,  tidal  fluctuations  at  this  station  make  it 
impractical  to  compute  flows  of  less  than  10,000  cfs. 

During  the  37-year  period  1928  through  1965, 
the  annual  flow  of  the  Skykomish  River  at  Gold  Bar 
averaged  3,912  cfs.  Measurements  taken  during  the 
same  period  at  the  gaging  station  at  Startup  indicate  a 
mean  annual  flow  in  the  Sultan  River  of  797  cfs. 
Measurements  from  the  Snoqualmie  River  near  Carna- 
tion, also  taken  during  the  37-year  period  1928 
through  1965,  reflect  a mean  annual  flow  of  3,789 
cfs.  Although  tidal  fluctuations  affected  the  accuracy 
of  measurements,  records  from  the  Snohomish  gaging 
station  indicate  a mean  annual  runoff  from  the  total 
basin  of  9,500  cfs. 

The  Snohomish  River  usually  has  two  high 
water  periods  each  year:  one  in  the  fall  or  winter 
coinciding  with  the  time  of  maximum  precipitation, 
and  one  in  the  spring  during  melt-off  of  the  snowpack 
in  the  higher  elevations.  Low  flows  usually  occur  in 
August  or  September  with  a second  low-flow  period 
occurring  in  early  spring. 

Mean  monthly  flows  at  these  stations  for  the 
period  April  1,  1946,  to  March  31, 1964,  were  ana- 
lyzed to  predict  low-flow  levels  that  could  be 
expected  in  any  5-,  10-,  or  20-year  interval.  These  low 
flows  and  intervals  are  presented  in  table  6-5. 

Danse  and  Impoundments.  Water  re- 
source development  in  the  Snohomish  River  basin  has 
been  minimal  in  the  past.  The  Puget  Sound  Power 
and  Light  Company  has  a run-of-th e-river  power  plant 
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TABLE  6-5.  Low-flow  frequency. 


Discharge  nation 

Recur- 

rence 

interval 

(years! 

7-day 

low- 

flow 

(eft) 

30-dey 

low- 

flow 

(cftl 

Snoqualmie  Rivar  at 

S 

600 

600 

Carnation 

10 

460 

610 

20 

426 

460 

Skykomish  River  nsar 

6 

670 

700 

Gold  Bar 

10 

490 

680 

20 

430 

500 

Sultan  Rivar  nsar  Startup 

5 

77 

100 

10 

64 

SO 

20 

55 

66 

on  the  upper  Snoqualmie  River  at  Snoqualmie  Falls. 
In  1963  the  city  of  Seattle  completed  construction  of 
a water  supply  storage  facility  on  the  South  Fork  of 
the  Tolt  River  (photo  64),  a tributary  of  the 
Snoqualmie  River.  The  Sultan  River,  a tributary  of 
the  Skykomiah  River,  is  the  source  of  supply  for  the 
city  of  Everett.  In  addition,  some  local  flood  control 
and  navigation  works  are  under  way  or  have  been 
completed  in  the  lower  basin. 

Lakes  The  total  amount  of  storage  in  lakes  in 
the  Snohomish  Basin  is  not  known,  but  the  surface 
area  covered  by  these  bodies  can  be  used  to  provide 
at  least  a comparative  indication  of  the  amount  of 
water  that  is  stored.  The  total  lake  surface  in  the 
basin  is  about  21.S  square  miles,  of  which  about  4.4 


PHOTO  64.  Seattle  Water  Department  diverts  water 
from  the  South  Fork  of  the  Tolt  River  for  use  in  the 
Cedar-Green  basin. 


square  miles  consists  of  regulated  reservoirs.  The  lotai 
surface  area  of  glaciers  in  the  basin  is  about  1.8 
square  miles.  The  most  extensive  glacier  system  is  in 
the  upper  watershed  of  the  South  Fork  Skykomish 
River. 

The  Snohomish  County  Public  Utility  District 
and  the  city  of  Everett  have  jointly  undertaken  a dam 
and  reservoir  project  on  the  Sultan  River  which 
presently  provides  34,500  acre-feet  of  water  supply 
storage  for  Everett.  Provisions  have  been  made  for 
additional  storage  and  hydroelectric  facilities  in  the 
future.  Lake  Chaplain  provides  intermediate  storage 
for  14,000  acre-feet  of  municipal  water  from  the 
Sultan  River.  The  construction  of  additional  storage 
facilities  may  have  an  important  effect  on  the  flow 
regimen  of  the  Sultan  River.  Flows  presently  drop  to 
less  than  100  cfs  during  the  summer,  yet  the  diversion 
capability  of  the  Everett  system  is  already  180  cfs. 
and  future  diversion  capability  is  planned  to  be 
approximately  490  cfs. 

Quality 

Water  quality  of  the  Snohomish  River  Basin  has 
been  measured  since  July  1959  as  part  of  a coopera- 
tive State-Federal  basic  data  program  conducted  by 
the  Washington  State  Department  of  Water  Re- 
sources, Washington  State  Water  Pollution  Control 
Commission,  and  the  U.S.  Geological  Survey,  the 
Water  Quality  for  five  stations  in  the  basin  is  shown 
in  Table  6-6. 

Physical.  Temperature  records  available  for 
Snohomish  basin  streams  show  the  following  data: 
the  January  minimum  temperatures  recorded  at  the 
existing  stations  range  from  (f  C (32°F)  to  1.2°C 
(34°  F);  the  maximum  temperature  of  the  Snoqual- 
mie River  near  Carnation  has  reached  23.30°C 
(74°F),  the  highest  recorded  in  the  basin.  The  maxi- 
mum temperatures  for  the  Skykomish  and  Wallace 
Riven  near  Gold  Bar  are  19.4°C  (67°F)  and  21.1°C 
(70°  F),  respectively.  The  maximum  temperature  for 
the  Tolt  River  is  20.(fC  (68°F).  The  average  summer 
temperature  remains  highest  for  the  Snoqualmie 
River  near  Carnation. 

The  Snohomish  River  is  less  turbid  than  most 
other  streams  on  the  east  side  of  Puget  Sound.  The 
turbidity  of  the  Snohomish  River  at  Snohomish  was 
16  JTU  during  7 yean  of  daily  or  monthly  sampling. 
Maximum  turbidity  at  this  station  (during  a period  of 
storm  runoff)  was  only  160  JTU.  (See  Table  6-6.) 
The  Skykomish  River  is  appreciably  less  turbid  than 
the  Snohomish  River,  and  the  Snoqualmie  River 
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slightly  more  turbid  than  the  Snohomish  River.  The 
upper  drainage  areas  transport  only  small  amounts  of 
sediment  except  during  periods  of  high  runoff.  Data 
concerning  suspended  sediment  in  the  Snoqualmie 
River  system  indicate  that  the  South  Fork  of  the 
Snoqualmie  transports  more  sediment  than  other 
forks  of  the  river.  Suspended  sediment  concentrations 
ranged  from  4 to  108  mg/1  with  a probable  maxi- 
mum estimated  to  be  less  than  1,000  mg/1.  Concen- 
trations in  the  Skykomish  River  ranged  from  1 to  28 
ppm  during  196S  and  1966.  The  Tolt  River  trans- 
ports only  small  quantities  of  sediment  except  during 
periods  of  high  runoff. 

Chemical.  The  chemical  quality  of  surface 
waters  in  the  Snohomish  Basin  is  generally  excellent. 
The  concentration  of  dissolved  solids  in  waters  of  the 
Snohomish,  Skykomish,  and  Snoqualmie  Rivers 
rarely  exceeds  40  mg/1.  Hardness  values  are  usually 
leu  than  25  mg/1 . Table  6-6  lists  data  reduced  from 
records  gathered  at  7 monitoring  stations  since  1947. 

Dissolved  oxygen  (DO)  concentrations  are 
usually  near  saturation  throughout  the  Snohomish 
River  system.  The  minimum  DO  concentration 
recorded  within  the  basin  is  8.3  mg/1  taken  from  the 
Snohomish  River  at  Snohomish.  The  maximum 
recorded  concentration  is  14.7  mg/1  taken  from  the 
Tolt  River  at  Carnation. 

Bacteriological.  Water  of  the  Skykomish  River 
at  Gold  Bar  is  generally  of  excellent  bacteriological 
quality,  with  coliform  densities  usually  not  more  than 
50  MPN.  However,  coliform  concentrations  increase 
in  the  lower  Skykomish  River  before  it  joins  the 
Snoqualmie  River.  Bacteriological  quality  data  for  the 
Snoqualmie  River  at  Snoqualmie  show  the  MPN 
values  to  be  highly  variable.  During  the  summer  and 
fall  months,  MPN  values  have  reached  4,600  or  more 
coliforms  per  100  ml.  Data  from  the  Snohomish  River 
at  Snohomish  reflect  the  composite  effect  of  the 
upper  two  riven  in  addition  to  the  effects  of  waste 
discharged  below  their  confluence.  Coliform  densities 
average  about  2,000  MPN  with  a recorded  maximum 
of  24,000  coliforms  per  100  ml. 

GROUND  WATER 
Quantity  Available 

Plentiful  supplies  of  pound  water  exist  in  many 
of  the  lowland  areas  of  the  basin,  particularly  along 
the  lower  reaches  of  the  longer  streams.  However,  in 


some  districts  little  or  no  ground  water  has  been 
found  below  the  soil  zones.  Areas  commonly 
deficient  in  ground  water  are:  (1)  the  northeast  part 
of  the  Cedarhome  plateau  northeast  of  U.S.  Highway 
99,  (2)  the  Cathcart  district,  (3)  the  northeast  part  of 
the  Getchell  Hill  plateau,  (4)  the  East  Stanwood  hill 
area,  (5)  the  north  side  of  the  Lake  Stevens  area,  and 
(6)  the  Alderwood  Manor-Sammamish  River  area. 

Large  yields  are  obtained  from  wells  tapping 
clean  gravel.  Among  these  are  the  city  well  at  Arling- 
ton and  the  dug  wells  at  Monroe,  whose  capacities  of 
1,000  gpm  are  among  the  largest  in  the  county.  Shal- 
low wells  in  the  vicinity  of  Marysville  also  show  large 
yields;  quantities  of  190  to  200  gpm  are  commonly 
pumped  for  sprinkler  irrigation  from  wells  only  10  or 
15  feet  deep,  and  with  no  more  than  two  or  three 
feet  of  drawdown.  Ground  water  in  these  areas  is 
usually  in  balance  with  nearby  water  bodies.  The 
ground  waters  are  recharged  by  infiltration  of  surface 
runoff  and,  during  periods  of  high  water  in  the  rivers, 
by  infiltration  from  the  main  streams  and  their 
tributaries. 

Quality 

Most  ground  waters  are  generally  low  in  dis- 
solved solids  with  concentrations  being  usually  less 
than  200  mg/1.  Hardness  of  water  taken  from  alluvial 
materials  is  approximately  50  mg/1,  and  that  from 
deeper  sands  and  gravels  varies  from  about  15  mg/1  to 
150  mg/1.  Silica  concentration  is  commonly  in  the 
20-40  mg/1  range. 

The  presence  of  salt  water  often  occurs  in 
ground  water  in  the  flood  plain  and  delta  areas  down- 
stream from  Snohomish  and  at  some  places  along  the 
shoreline.  Salinity  of  ground  water  is  generally  less 
than  IS  mg/1  of  chloride  except  for  wells  in  the  lower 
flood  plain  and  delta  regions  where  brackish  waters 
are  common. 

Iron  is  the  most  common  objectionable  con- 
stituent in  the  pound  waters  of  Snohomish  County. 
Iron  concentrations  as  high  as  9 mg/1  have  been  found 
in  many  well  waters.  This  high  iron  content  is 
especially  prevalent  where  peat  or  boggy  soils  are 
present.  Ground  waters  in  the  Marysville  Trough  and 
the  Snohomish  and  Skykomish  Valleys  below 
Monroe,  some  of  the  richest  lands  in  the  area,  contain 
amounts  of  iron  in  excen  of  0.3  mg/1.  Table  6-7  lists 
pound  water  quality  data  for  selected  wells  in  King 
and  Snohomish  Counties. 
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IISH  RIVER  AT  Snohomish AUGUST  1969  THROUGH  1966 


PRESENT  AND  FUTURE  NEEDS 


The  primary  factors  that  dictate  water  require- 
ments are  industrial  and  population  growth.  Projec- 
tions to  the  year  2020  for  the  Snohomish  basin 
indicate  a substantial  growth  in  both  population  and 
industry  with  a corresponding  increase  in  water 
requirements.  Available  data  indicate  that  while  the 
predicted  requirements  for  water  will  not  tax  the 
available  water  supply,  extensive  planning  is  in  order 
to  ensure  adequate  storage  facilities  to  meet  predicted 
water  requirements  in  this  and  adjacent  basins. 

PROJECTED  POPULATION  GROWTH 

The  196S  Snohomish  Basin  population  of 
201,300  is  projected  to  increase  approximately  59 
percent  to  302,700  by  1980, 155  percent  to  485,800 
by  year  2000,  and  310  percent  to  780,300  by  the 
year  2020.  Figure  6-3  shows  present  and  projected 
population  in  the  basin.  Possibly  the  growth  shown 
for  "other  urban  and  rural  communities”  will  not  be 
as  is  indicated  in  Figure  6-3,  because  of  the  Everett 
service  area  may  absorb  part  of  this  projected  growth. 
The  Major  part  of  the  projected  growth  will  tend  to 
center  around  the  Everett  area,  following  the  indus- 
trial growth  pattern. 


PROJECTED  INDUSTRIAL  GROWTH 

The  major  water  consuming  industries  are 
expected  to  show  a value  added  growth  of  300 
percent  between  the  present  and  the  year  2020  (see 
Figure  6-4).  The  greatest  growth  is  expected  to  take 
place  in  pulp  and  paper  manufacturing;  lumber 
production  is  projected  to  show  a gradual,  steady 
decline  through  2020  as  emphasis  shifts  from  lumber 
production  to  pulp  and  paper  production.  This  will 
tend  to  concentrate  growth  in  the  vicinity  of  Everett, 
with  growth  in  the  outlying  areas  being  much  slower. 
Food  and  kindred  processing  in  the  basin  is  forescsst 
to  increase  moderately  through  the  year  2000,  then 
increase  sharply  through  2020  as  population  growth 
accelerates  in  the  basin  and  adjacent  areas. 

PROJECTED  WATER  REQUIREMENTS 

Total  water  requirements  for  the  basin  are 
expected  to  reach  540  mgd,  a threefold  increase  in 
water  needs  over  present  requirements.  Figure  6-5 


shows  the  location  by  service  area  of  water  use 
requirements  in  20-year  increments.  Tables  6-8,  6-9, 
and  6-10  detail  projected  water  use  in  the  basin  for 
1980,  2000,  and  2020,  respectively.  Table  6-11 
summarizes  projected  requirements  for  the  various 
use  categories  through  the  year  2020.  Figure  6-6 
illustrates  the  relative  demands  for  water  in  the  basin 
through  2020. 

Municipal 

Municipal  water  requirements  are  forecast  to  be 
49  mgd  by  1980,  92  mgd  in  2000,  and  171  mgd  by 
the  year  2020.  By  2020,  municipal  requirements  will 
account  for  approximately  31  percent  of  the  total 
basin  water  needs,  with  per  capita  use  increasing  from 
a present  150gpd  to  approximately  208  gpd  in  2000, 
and  230  gpd  by  the  year  2020.  This  per  capita  water 
use  is  in  line  with  the  general  trend  in  personal  water 
use  observed  in  other  expanding  urban  areas. 
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TABLE  6-8.  Projectad  watar  um  (1980). 

Syatam 

Eatimatad 

population 

reivad 

Surf  act  watar 
A varan* 
daily 

uaaaa  (mad) 
Maximum 
monthly 

Ground  watar 
Avaraga 
daily 

Maximum 

monthly 

Evarett  Sarvica  Area 

79,200 

342 

472 

— 

_ 

Aldmwood  Wrtif  Diitfict 

(934)001 

(172) 

(242) 

- 

- 

Momw 

( 7,200) 

( 1.4) 

( 12) 

— 

- 

1 141*6 

0.6 

02 

CjkjaAuwnlaife 

dnofwmnn 

10,731 

3.0 

4.1 

r- . 1 i -*/ 

eomonos— 

27400 

7.4 

102 

Snoquatmta 

7267 

0.4 

02 

North  Band 

5227 

12 

2.1 

Carnation 

3220 

0.1 

02 

Fan  City  Watar  Company 

3242 

0.1 

02 

Skyfcomtah  Watar  Diatrict 

1212 

0.1 

0.1 

DuwaN^ 

1290 

0.4 

02 

Othar  Rluar  A Community  Syatama 

5236 

12 

12 

0.1 

02 

Subtotal 

257200 

472 

662 

1.4 

22 

RURAL-INDIVIDUAL  USE 

46200 

- 

- 

22* 

42 

MDUSTRIAL  USE 

Evarett 

Fapar  and  aNiad 

- 

1672 

1844/* 

- 

- 

Lumbar  and  wood 

— 

12 

1-rf* 

— 

— 

Chamicalt,  mala  Is,  oils 

- 

0.2 

02 

— 

- 

Stona,  clay,  glam 

- 

0.6 

0.6 

— 

— 

SnobomWi 

Food  and  kindred 

- 

2.6 

4.0C 

— 

— 

SaR-auppliad: 

Fapar  and  alllad 

- 

412 

46,rf> 

— 

- 

Stona,  day,  glare 

- 

0.3 

0.3 

02 

1.2C 

Subtotal 

- 

2132 

236.8 

02 

12 

Total 

302,700 

260.7 

302.3 

6.4 

7.7 

TABLE  6-9.  Projected  water  use  (2000). 


System 

Estimated 

population 

served 

Surface  water 
Average 
daily 

utage  (mgd) 
Maximum 
monthly 

Ground  water 
Average 
daily 

usaoajmgdj 

Maximum 

monthly 

Everett  Service  Aree 

250,000 

62.6 

738 

Alderwood  Water  District 

(130,000) 

(27  J) 

(38.2) 

Monroe 

( 10,000) 

( 2.1) 

( 29) 

Marysville 

29,016 

08 

Snohomish 

26,021 

8.3 

11.7 

Edmonds*1 

65,520 

20.7 

29.0 

Snoqualmie 

17,697 

0.5 

0.7 

North  Bend 

12,917 

4.1 

58 

Carnation 

8,060 

0.2 

0.3 

Fall  City  Water  Company 

7,862 

03 

03 

Skyfcomish  Water  District 

3,182 

0.1 

0.1 

DuvaMw 

3,370 

1.1 

18 

Other  Rural  A Community  Systems 

13,661 

3.1 

43 

0.1 

03 

Subtotal 

437,200 

898 

1268 

19 

2.7 

RURAL-INDIVIDUAL  USE 

48,600 

- 

- 

4.4* 

63 

INDUSTRIAL  USE 

Everett 

Paper  and  allied 

— 

266 jO 

2929b 

- 

Lumber  and  wood 

— 

18 

1.rf* 

- 

— 

Chemicals,  metals,  oils 

— 

0.4 

0.4 

- 

— 

Stone,  clay,  glaas 

- 

1.6 

1.6 

- 

- 

Snohomish 

Food  and  kindred 

- 

5.2 

79c 

- 

- 

Self -supplied: 

Paper  and  allied 

- 

478 

62.0 

— 

— 

Stone,  day,  glees 

- 

0.7 

0.7 

2.1 

_X0C 

Subtotal 

- 

321.1 

366.0 

2.1 

39 

Total 

486800 

410.9 

481.8 

6.4 

119 

*Baoed  on  aaaimad  90  gpcd  and  100  percent  served  by  ground  water. 
b1 10  percent  of  average. 
c150  percent  of  average. 
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TABLE  6-10.  Projected  water  use  (2020). 


System 

Estimated 

population 

served 

Surface  weter 
Average 
daily 

utape  (mod) 
Maximum 
monthly 

Ground  water 
Average 
daily 

usy  Imgdl. 
Maximum 
monthly 

MUNICIPAL  USE 

Everett  Service  Area 

460,000 

104.0 

145.0 

AKMTWOOQ  Wlttf  UlttTlCt 

(234,0001 

< 54.1) 

( 75.4) 

Monroe 

( 18,000) 

( 4.2) 

( 58) 

Marysville 

46,162 

1.5 

2.1 

f nnt,  n 

ononomisn 

40,491 

14.0 

198 

CjIiiuuu  I.V 
COiiiuifua 

101,955 

348 

498 

Snoquaimle 

27,382 

08 

1.2 

North  Band 

20,100 

7.0 

98 

Carnation 

12,626 

0.4 

0.6 

Fall  City  Water  Company 

12,236 

0.4 

0.5 

Skykomiah  Water  District 

4,952 

0.1 

0.2 

Quvall^ 

5,243 

18 

2.6 

Other  Rural  8 Community  Systems 

21864 

5.2 

7.4 

08 

0.3 

Subtotal 

741,300 

167.0 

234.0 

3.5 

48 

RURAL-INDIVIDUAL  USE 

39,000 

— 

— 

4.3* 

6.0* 

INDUSTRIAL  USE 

Everett 

Paper  and  allied 

— 

300.0 

330.0b 

— 

— 

Lumber  and  wood 

— 

1.4 

2.0** 

— 



Chemicals,  metals,  oils 

— 

1.0 

1.0 

— 



Stone,  clay,  gtaas 

— 

3.4 

3.4 

— 

_ 

Snohomish 

Food  and  kindred 

— 

9.6 

148* 

— 

— 

Saif -supplied: 

Paper  and  allied 

— 

478 

52.0 

— 

— 

Stone,  clay,  glass 

- 

0.7 

0.7 

2J 

3.0* 

Subtotal 

- 

363.0 

404.0 

2.1 

3.0 

Total 

780,300 

530.0 

638.0 

98 

13.9 

*Baeed  on  assumed  110  gpcd  and  100  percent  sarved  by  ground  water. 


b1 10  percent  of  si  n —a 
*180  percent  of  ei  tragi 
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TABLE  6-11.  Summary  of  projected  water  need* 


Estimated  Surface  water  usage  (mgd)  Ground  water  usage  (mgd)  Total  usage  (mgd) 

population  Average  Maximum  Average  Maximum  Average  MMaximum 

System  served  daily  monthly  daily  monthly  daily  monthly 


Municipal 

1965 

154,760 

22.7 

27.6 

1.3 

2.3 

24.0 

29.9 

1980 

257,200 

47.5 

66.5 

1.4 

2.0 

48.9 

68.5 

2000 

437,200 

89.8 

125.8 

1.9 

2.7 

91.7 

128.5 

2020 

741,300 

167.0 

234.0 

3.5 

4.9 

170.5 

238.9 

1 ndustr  ial 

1965 

138.3 

144.0 

0.4 

0.7 

138.7 

144.7 

1980 

— 

213.2 

235.8 

0.8 

1.2 

214.0 

237.0 

2000 

— 

321.1 

356.0 

2.1 

3.0 

323.2 

359.0 

Rural- 

2020 

— 

363.0 

404.0 

2.1 

3.0 

365.1 

407.0 

Individual 

1965 

35,940 

0.2 

0.3 

1.8 

2.5 

2.0 

2.8 

1960 

45,500 

- 

- 

3.2 

4.5 

3.2 

4.5 

2000 

48,600 

- 

- 

4.4 

6.2 

4.4 

6.2 

2020 

39.000 

- 

- 

4.3 

6.0 

4.3 

6.0 

Totals 

1965 

190,700 

161.2 

171.9 

3.5 

5.5 

184.7 

177.4 

I960 

302,700 

260.7 

302.3 

5.4 

7.7 

266.1 

310.0 

2000 

486.800 

410.9 

486.8 

8.4 

11.9 

419.3 

493.7 

2020 

780,300 

530.0 

638.0 

9.9 

13.9 

539.9 

651.9 

Note:  All  usage  figures  are  rounded  to  one  decimal  place. 
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YEAR 

FIGURE  6-4.  Relative  production  growth  for  major 
water-using  industries. 

Industrial 

Industries  are  expected  to  continue  to  be  the 
major  water  consumers  in  the  Basin,  and  will  require 
approximately  373  mgd,  66  percent  of  projected 
Basin  water  requirements.  The  pulp  and  paper  indus- 
tries, food  and  kindred  producers,  and  the  stone, 
clay,  and  glass  industries  are  expected  to  be  the  major 
water  users.  Industrial  water  needs,  presently  138 
mgd,  are  predicted  to  increase  54  percent  by  1980, 
and  to  be  almost  triple  by  the  year  2020. 


FIGURE  6-5.  Location  of  projected  water  supply  needs. 

Rural-Individual 


By  the  year  2020,  rural-individual  water  needs 
are  forecast  to  be  only  4 mgd,  less  than  one  percent 
of  the  basin’s  total  projected  water  needs.  While  this 
usage  represents  a marked  drop  in  percentage  of  the 
total  basin  needs,  it  does  indicate  a volume  increase 
of  approximately  30  percent. 
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MEANS  TO  SATISFY  NEEDS 


GENERAL 

Annual  water  use  is  projected  to  reach  540  mgd 
by  the  year  2020.  This  is  an  increase  of  approxi- 
mately 375  mgd  over  the  1965  average  use.  Optimum 
or  peak  water  requirements  will  be  nearly  900  mgd, 
approximately  170  percent  of  the  annual  average. 
Tables  2-10  or  2-11,  the  Area  Plans,  summarize  the 
basins'  annual  average  and  optimum  water  require- 
ment. Table  6-12,  M&I  Water  Supply  Capital  Im- 
provements, reviews  the  needs  of  the  major  water 
systems  and/or  users  in  the  Basin. 

The  city  of  Everett  in  2020  will  have  to  supply 
630  mgd  to  meet  peak  demands  in  its  service  area. 
This  amount  combined  with  260  mgd  for  the 
remainder  of  the  Basin,  plus  the  fact  that  the  city  of 
Seattle  Water  Department  plans  further  development 
of  its  watershed  on  the  Tolt  River  and  new  develop- 
ment on  the  Snoqualmie  River  and/or  the  North  Fork 
of  the  Skykomish  River  (see  Cedar-Green  Basin 
Selected  Plan,  Table  7-12),  will  create  monumental 
demands  for  water  from  this  basin.  This  will  amount 
to  nearly  2,300  mgd,  890  of  this  to  be  used  in  the 
Snohomish  Basin.  With  this  in  mind  and  the  fact  that 
much  of  the  south  part  of  the  Snohomish  Basin  lies 
within  the  logical  Seattle  Service  Area,  Seattle  and 
Everett  must  jointly  develop  bordering  service  areas 
to  supply  the  Basin  needs. 

As  indicated  in  Appendix  III,  “Hydrology  and 
Natural  Environment,”  adequate  water  is  available  for 
this  task  without  conflict  over  water  supply  with- 
drawals. Together  the  Everett  and  Seattle  Water 
Departments  may  supply  over  90  percent  of  the  total 
basin  water  needs. 


BASIN  PLANS 

The  Selected  Plan,  as  indicated  in  Table  6-13, 
recommends  the  continued  growth  and  development 
of  all  existing  systems  until  such  time  as  population 


density  makes  it  feasible  for  the  cities  of  Everett 
(Snohomish  Basin)  and  Seattle  (Cedar-Green  Basin) 
to  extend  service  to  the  small  and  rural  community 
systems  in  the  basin. 

Table  6-13  defines  the  plan  and  includes  supply 
and  transmission,  treatment,  pumping,  chemical,  and 
annual  income  as  projected  by  the  M&I  Water  Supply 
and  Water  Quality  Control  Technical  Committee. 
Table  2-10  includes  the  storage  and  distribution  costs 
for  the  basin. 

The  Alternative  Basin  Plan  is  quite  similar  to 
the  Selected  Plan.  It  does,  however,  call  for  the  city 
of  Everett  to  develop  water  supplies  from  the  lower 
reaches  of  the  Snohomish  River  with  adequate 
treatment  to  assure  high  quality  water.  Costs  for  this 
alternative  are  appreciably  higher,  $9  million,  than 
for  the  Selected  Basin  Plan.  This  is  due  mainly  to 
construction  costs  for  the  water  treatment  facilities. 
Table  6-14  defines  the  plan  and  Table  2-11  shows 
complete  costs  and  revenue  for  the  Basin. 

The  city  of  Everett  in  the  Selected  Plan  is 
expected  to  continue  development  of  the  Sultan 
River  Reservoir  and  Spada  Lake  as  a water  supply 
source  to  the  year  2000.  During  this  time  period,  a 
development  on  the  Skykomish  River  is  also  expected 
to  be  added.  The  developments  in  the  Selected  Plan 
would  be  adequate  to  meet  the  M&I  needs  of  the  city 
of  Everett. 

The  200  plus  mgd  needed  for  the  small  and 
rural  community  systems  are  anticipated  to  be 
supplied  by  the  cities  of  Everett  and  Seattle  at  such 
time  as  a county  or  regional  service  is  possible. 
Because  much  of  the  Basin  lies  within  the  logical 
Seattle  Service  Area,  with  projected  developments 
(Table  7-12)  on  the  Tolt,  Snoqualmie,  and  Skyko- 
mish Rivers,  Seattle  and  Everett  will  jointly  supply 
water  within  the  Basin. 

Much  of  the  self-supplied  industrial  demand  is 
not  required  to  be  of  a high  quality;  therefore,  it  has 
in  the  past  and  will  more  than  likely  in  the  future  be 
supplied  by  local  developments  of  surface  or  ground 
water. 
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Table  6-12  shows  the  need  for  water  within  the 

basin. 

FINANCE 

Annual  income  as  taken  from  Table  2-10  for 
the  Selected  and  Alternative  Plans  indicates  the 
amount  of  money  available  to  apply  for  bond  service 
(approximately  20  percent  of  the  total  annual 
income). 

The  following  figures  indicate  the  monies  avail- 
able for  bond  service  and  the  capital  expenditures 
amortized  for  30  years  at  5%  for  the  Selected  and 
Alternative  Plans. 

Costs  as  indicated  by  the  Engineering  News 
Record  Index  are  presently  doubling  every  15  years. 


At  this  rate,  by  the  year  2000,  the  basin  will 
unable,  without  an  excessive  financial  burden 
relation  to  its  economic  resources,  to  finance  ade- 
quately the  needed  construction  projects  without 
outside  aie  or  increasing  water  rates. 

Annual  Amortized 
Bond  Service  Cost  (x  1 ,000) 


Year 

Available 
(x  1,000) 

Selected 

Plan 

Alternative 

Plan 

1965 

52,720 

S 376 

$ 373 

1980 

4,110 

1370 

1380 

2000 

6,550 

2350 

3,020 

2020 

6,860 

4390 

4,750 

TABLE  6-12.  M & I Water  Supply-Capital  Improvements  in  the  Snohomish  Batin 


M.  G.  D. 

Present 

Futun 

■4 

1965 

1966-1960 

1960-2000 

2000-2020 

jj 

Population  Served 

136.000 

180.000 

266,000 

460,000 

r; 

EVERETT 

K\ 

Optimum 

197.6 

306.0 

460.0 

632.5 

Capital  Implements 

27.6 

107.5 

166.0 

172.6 

Population  Served 

19,760 

77,200 

187.200 

291.300 

SMALL  6 RURAL 
COMMUNITY  SYSTEMS 

Optimum 

14.9 

64.8 

131.1 

206.2 

Capital  Improvments 

9.1 

38.9 

76.3 

76.1 

1 

Population  Served 

_ 

SELF  SUPPLIED  INDUSTRY 

Optimum 

34.1 

46.6 

56.7 

56.7 

Capital  Improvements 

1.6 

12.4 

9.2 

0 

Population  Served 
TOTAL 

164.760 

267,200 

428,200 

741,300 

Capital  Improvements 

38 

160 

241 

248 

NOTE:  Figun  an  rounded. 
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TABLE  6-13.  M ft  I Watar  Supply  Uaa  Ptanning-Praaant  to  yaar  2020  Salactad  Batin  Plan  Snohomish  Batin 

1967 

THOUSAND  DOLLARS 


Froiected 
Annual 
Wtr  Um 

CAFACITY 

AMORTIZED 

MAINTENANCE 

MGD 

CAPITAL  COST6 

AND  OFER 

Flan 

of 

Supply  ft  Treat- 

Iron 

Fumpinf 

Annual 

} 

Laval 

Source 

Davaiopmant 

Daval 

MGD 

Supply 

Trantm. 

T rantm.  ment 

Removal 

Power 

Chem. 

Income 

EVERETT 

8.182 

Fraaant 

SW 

Sultan  Alvar -Dam  and  Raaarvolr  Spado  Lake. 

Eiiat 

126 

170 

170 

1.324 

60 

4 Tranamtaaion  Linaa 

Fraaant 

SW 

ADO:  280mpd  SW  Davaiopmant  id  Exddnp 

1970 

28 

28 

28 

3,676 

J 

1680 

SW 

lOSmpd  SW  Davaiopmant  to  ixltalna 
Sultan  Rlvar  Davaiopmant 

1870 

204 

108 

107 

13,976 

2.13$ 

81 

14982 

1 

2000 

SW 

“ 156m*d SW  DffMtOfHTMM  to  EiMjnf 

1986 

321 

166 

166 

10,600 

was 

12$ 

23,433 

Sultan  Rlvar  ft  Sfcykomtah  RNar 
Oivaralon:  T28N  S10E 

2020 

SW 

172mpd  SW  Davaiopmant  to  Skykomfch  RNar 

2006 

410 

172 

172 

13.700 

4903 

184 

23,844 

633 

633 

$41,760 

EVERETT  SELECTED  FLAN  TOTAL 

$41,760 

SMALL  ft  RURAL  COMMUNITIES  SUB-TOTAL  $8.1 16 

j 1 

EVERETT  TOTAL 

$49,866 

SMALL  ft  RURAL  COMMUNITY  SYSTEMS 

i 

Fiatant 

GW 

Local  GW  Davaiopmant 

Exiet 

4 

1.2 

1.2 

467 

Fraaant 

SW 

Local  SW  Davaiopmant 

Exiat 

1.6 

1.6 

38 

1 

29 

2.8 

Fraaant 

SW 

•ado.  O.Ompd  from  E varan  Watar 

1970 

9 

9 

646 

i 

Oapartmant 

< 

1880 

GW 

aOmgd  Local  GW  Davaiopmant 

1970 

3 

3 

180 

7 

1.241 

•i 

1680 

SW 

20mfd-E  varan  Waaar  Oapartmant 

1970 

17 

20 

20 

1,200 

SW 

20mpd-€  varan  Waaar  Oapartmant 

1970 

20 

20 

1.000  1.493 

181 

1 

2000 

SW 

*80nipJ  laartla  Waiar  Department 

1986 

44 

60 

60 

4,280 

633 

24 

MO* 

SW 

16mpd-E  varan  Waaar  Oapartmant 

1900 

16 

16 

1.279  2$73 

2090 

SW 

46mpd-Evaran  Watar  Oapartmant 

2010 

76 

38 

38 

2.280 

788 

1 

SW 

SOmpd-Evaran  Watar  Oapartmant 

2016 

38 

37 

1910  2.776 

30 

4.438 

J 

208 

208 

$12,676  $7,140 

SMALL  ft  RURAL  COMMUNITY  SYSTEMS  SELECTED  FLAN  TOTAL  $19,716 

($12,676  Break-down) 

Local  Ground  Watar  Davaiopmant  iao 

Scania  Watar  Oapartmant  4,280 

Evarttt  Watar  Dapartmant  8,116 


ELF  SUFFLIED  INDUSTRY 

SnaRomNh  Rlvar  Fump  Station 


lOmpd  SW  Davaiopmant 


Fraaant 

SW 

1880 

SW 

2000 

SW 

3020 

SW 

ELF  SUFFLIED  INOUtTRY  SELECTED  FLAN  TOTAL 
ELECTED  BASIN  FLAN  TOTAL 


E ML 

33 

38 

38 

1878 

42 

16 

16 

1880 

•0 

10 

10 

80 

•0 

80 

Sill 


TABLE  6-14.  M & I Water  Supply  Ute  Planning -Pratent  to  yoer  2020  Alternate  Batin  Plan  SnohomMi  Bawn 


OPTIMUM 

CAPACITY 


Yter  Annual 

of  HVtr.  Uaa 


Laval 

Source 

Development 

Devei. 

MGD 

Supply 

Trensm 

Trensm. 

me nt 

EVERETT 
Prasant  SIN 

Peasant  StV 

Sultan  River  Dam  A Reservoir  Spade  Lake. 

4 T rantmitnon  Lines 

AOO  78mgd  and  Improvement  4 Transmission 
Linas 

Entt. 

1970 

25 

170 

78 

170 

78 

3,676 

1980 

SIN 

StN  Develop mant.  Sultan  River 

1980 

704 

108 

108 

13,976 

7000 

SIN 

156mgd  SIN  Development 
Sultan  River  A Snohomish  River  Treatment 

1995 

321 

155 

156 

8,150 

7.5 00 

7070 

SIN 

SIN  Development.  Snohomish  Rarer 

7006 

410 

17? 

172 

11,425 

12.900 

633 

633 

*37,125 

*20,400 

EVERETT  ALTERNATIVE  PLAN  TOTAL 

(64.) 

*57,525 

1967 

THOUSAND  OQLLARS 

AMORTIZED  MAINTENANCE 

CAPITAL  COSTb  AND  QPER 

Supply  A Trap*  Iron  Pumping 


SMALL  A RURAL  COMMUNITY  SYSTEMS 
INo  Feasible  Alternative) 


SELF  SUPPLIEO  INOOSTRY 

(No  Feasible  Alternative) 


ALTERNATIVE  BASIN  PLAN  TOTAL 


* Initial  development 


55,876  7,140 

*78,790 


° Oon  not  mciuda  storage  and  distribution  com  Sap  Area  Meant  to  Satisfy  Naads  taction. 
c All  figures  are  roundad 
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CEDAR-GREEN  BASINS 


INTRODUCTION 


Mott  of  the  Cedar-Green  basin  (figure  7-1)  is 
located  in  highly  populated  and  industrialized  King 
County.  The  basin  is  bordered  by  the  Snohomish 
basin  on  the  north,  Puyallup  basin  on  the  south,  the 
Cascade  Mountain  range  on  the  east,  and  Puget  Sound 
on  the  west.  It  comprises  1,220  square  miles, 
including  1,161  square  miles  of  land  and  inland 
water,  and  two  important  watersheds:  Lake 
Washington,  receiving  water  from  the  Cedar  and 
Sammamish  Rivers,  and  the  Green  River. 

Population  and  industry  in  the  western  part  of 
the  Basin  are  growing  and  expanding.  Urbanization  is 
increasing,  with  Seattle  as  the  focal  point.  By  the  year 
2020,  the  population  in  the  Seattle  service  area  is 
expected  to  increase  to  more  than  3,816,300  million. 
Industry,  particularly  manufacturing  and  shipping,  is 
expected  to  increase  substantially. 

GEOGRAPHY 

The  basin  was  formed  during  the  retreat  of  the 
most  recent  ice  sheet  some  12,000  to  14,000  yean 
ago.  This  left  a deep  mantle  of  gravel,  sand,  and  clay 
and  formed  the  plains  and  sloping  moraines  that  now 
characterize  the  basin.  As  the  ice  retreated,  numerous 
lakes  and  ponds  were  icft  in  the  uneven  surface. 
Lakes  Washington  and  Sammamish,  as  well  as  many 
smaller  lakes  and  bays,  were  formed  in  this  manner. 
Older  forms  of  relief  were  smoothed  over.  Streams 
were  dammed  and  diverted  into  new  courses,  which 
produced  the  present  rolling  or  hummocky  relief  with 
local  lakes,  basins,  and  depressions.  The  Cedar-Green 
basin  includes  69  square  miles  of  fresh  water  surface 
and  three  major  riven:  the  Green -Du wamish,  Cedar, 
and  Sammamish. 

The  Green -Du wamish  River  drains  an  area  of 
483  square  miles,  and  is  the  largest  river  in  the  basin. 
The  Green  River  originates  in  the  Cascade  Mountains 
and  flows  west  and  north  about  60  miles  to  Tukwila, 
from  where  it  is  called  the  Duwamiah  River.  The 
Duwamfch  flows  north  an  additional  12  miles  through 
Seattle  and  empties  into  Elliott  Bey.  In  its  upper 


reaches,  the  Green  River  is  swift  and  turbulent.  Since 
1913,  the  upper  reach  has  been  the  source  for 
Tacoma’s  municipal  and  industrial  water  supply. 
Howard  A.  Hanson  Dam  (photo  7-1)  is  located  at 
Eagle  Gorge.  The  reservoir  behind  the  dam  has  a 
capacity  of  105,650  acre-feet  for  flood  control  and 
provides  62,000  acre-feet  of  active  storage  for 
Tacoma  water  supply  and  conservation.  Below 
Howard  A.  Hanson  Dam,  the  Green  River  has  cut  a 
deep  gorge  12  miles  long  with  walls  as  high  as  300 
feet.  Beyond  the  gorge,  the  Green  flattens  out  and 
meanders  through  the  farmlands  near  Auburn  and 
Kent.  The  lower  Du  wamish  flows  through  a heavily 
industrialized  section  of  Seattle.  The  last  7 miles, 
known  as  the  Du  wamish  Waterway,  have  been 
dredged  and  improved  for  navigation.  The  Duwamish 
Waterway  is  one  of  the  most  industrialized  areas  in 
the  state. 

The  Cedar  River  begins  near  the  crest  of  the 
Cascade  Mountains,  5,000  feet  above  sea  level.  It 
flows  northwesterly  through  timbered  country  for  50 
miles  to  discharge  into  Lake  Washington,  and  drain  an 
area  of  188  square  miles.  In  the  reaches  above  the 
Seattle  Landsburg  intake,  the  river  is  isolated  and 
protected.  This  srea-the  Cedar  River  watershed, 
drains  about  143  square  miles.  Within  the  watershed 
is  Chester  Morse  Lake  (Photo  7-2)  which  provides 
56,000  acre-feet  of  storage  for  water  supply  and 
hydroelectric  power  generation.  At  the  western  end 
of  the  watershed  near  Landsburg,  a low-crest  dam 
diverts  water  from  the  Cedar  into  the  Seattle  trans- 
mission mains.  Below  Landsburg,  the  river  flows 
swiftly  through  Maple  Valley,  thence  to  Renton, 
where  it  empties  into  the  south  end  of  Lake 
Washington. 

The  Sammamish  River  is  a slow-moving  stream 
about  14  miles  long,  which  drains  a 240  square-mile 
area.  Its  source  is  Lake  Sammamish  and  its  outlet  at 
the  north  end  of  Lake  Washington.  Lake  Sammamish, 
with  s surface  area  of  4,897  acres  and  a maximum 
depth  of  106  feet,  is  fed  primarily  by  lsaaquah  and 
Tibbetts  Creeks. 
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PHOTO  7-1.  Howard  H?nson  Dam  provides  flood 
control  and  stores  watei  for  use  in  Tacoma,  an 
example  of  inter-basin  diversion. 


PHOTO  7-2.  Chester  Morse  Lake  has  been  developed 
for  both  municipal  water  supply  and  power  genera- 
tion. 


Lake  Washington,  a fresh-water  lake  22  miles 
long,  forms  the  eastern  boundary  of  Seattle.  It  covers 
about  SO  square  miles.  The  Lake  Washington  Ship 
Canal  leads  westward  from  the  lake  into  Puget  sound. 
The  canal  and  Hiram  Chittenden  Locks  connect  Puget 
Sound  with  the  inland  fresh  waters  of  Salmon  Bay, 
Lake  Union,  Portage  Bay,  Union  Bay  and  Lake 


Washington.  All  these  water  bodies  have  the  same 
level  and  are  connected  by  unobstructed  channels  at 
least  30  feet  deep  at  low  lake  level.  The  complex  has 
a total  area  of  25,000  acres  and  a shoieline  of  about 
100  miles. 

Green  Lake  in  north  Seattle  has  a water  surface 
area  of  256  acres  and  a shoreline  of  2.9  miles.  It  is 
used  extensively  for  outdoor  recreation  and  is  ringed 
with  a park,  hiking  and  bicycle  path,  and  beaches,  but 
does  not  contribute  to  municipal  and  industrial  water 
supply. 

CLIMATE 

Climate  is  influenced  by  the  mild,  moist  air 
flowing  inland  from  the  Pacific  Ocean.  In  general,  the 
basin  has  warm,  dry  summers  and  comparatively 
mild,  wet  winters.  Temperatures  in  the  western  low- 
lands near  Seattle  and  Kent  average  about  3.3?  to 
4.4°  C (38°  to  40°  F)  in  January.  Midsummer  temper- 
atures in  July  average  17.2°  to  18.3°C  (63°  to 
F).  The  mean  annual  precipitation  averages  66 
inches  in  the  Cedar  and  Green  watersheds  and  54 
inches  in  the  Sammamish  River  watershed.  Annual 
precipitation  for  the  entire  basin  -ranges  from  15 
inches  near  Puget  Sound  to  100  inches  in  the  moun- 
tains. About  three-fourths  of  the  precipitation  falls 
from  October  through  March;  only  8 percent  falls 
during  June,  July,  and  August.  However,  snowpack 
evens  out  the  runoff  flow. 

POPULATION 

The  Cedar-Green  Basin,  with  an  estimated  1965 
population  of  1,040,220,  is  the  most  populated  of 
the  study  basins.  Seattle  is  the  largest  city,  with  some 
580,000  dwellers  inside  the  city  limits.  Half  as  many 
persons  live  in  suburbs,  and  a number  of  nearby  resi- 
dential communities.  Farther  east  are  several  small 
towns  with  populations  of  1,000  to  2,500  persons 
and  a number  of  communities  with  populations  of 
less  than  1 ,000.  The  southeastern  part  of  the  basin  is 
sparsely  populated. 

ECONOMY 

The  major  center  of  economic  activity  in  the 
basin,  and  for  the  entire  Pacific  Northwest,  is  the 
metropolitan  Seattle  area  in  King  County.  Seattle, 
hugest  city  in  Washington,  has  excellent  deep  harbor 
facilities.  Major  industries  include  forest  product 
processing,  fishing,  shipping,  and  manufacturing.  Else- 
where in  the  basin,  the  principal  products  and  indus- 


tries  art  manufacturing,  forest  products,  diversified 
farming,  fishing,  and  coal  mining.  In  1965,  average 
monthly  employment  in  the  various  industries 
throughout  King  County  was: 

Agriculture  4,100 

Mining  1,700 

Construction  17,700 

Manufacturing  106,900 

Transportation,  communication, 
and  utilities  57,000 

Trade  (wholesale  and  retail)  84,300 

Finance,  insurance,  and  real  estate  24,300 
Services  50,000 

Government  61,800 

Not  classified  47,100 

A major  industry  in  the  basin  is  the  manufac- 
ture of  jet  airplanes  and  research,  development,  and 
production  of  missiles  and  advanced  spacecraft. 
The  Boeing  Company,  with  headquarters  in  Seattle, 
employed  more  than  98,800  persons  with  an  annual 
payroll  of  more  than  $900  million  as  of  June  1967. 

Elliott  Bay,  which  forms  Seattle’s  natural  deep- 
water harbor,  is  one  of  the  finest  seaports  in  the 
world,  covering  mote  than  5,300  acres.  Its  waterfront 
is  lined  with  modem  terminals  equipped  to  handle 
many  types  of  cargo.  The  Port  of  Seattle,  a municipal 
corporation,  operates  marine  and  airport  terminals, 
develops  sites  for  water-oriented  industries,  and 
promotes  commerce.  Air  traffic  and  the  movement  of 
marine  cargoes  yield  a gram  annual  volume  of  $600 
million  and  employ  more  than  28,000  persons, 
producing  an  annual  payroll  in  excess  of  $200 
million. 

Although  the  aerospace  industry  predominates, 
many  other  industries,  such  as  shipbuilding,  forest 
products,  food  processing,  and  metals,  also  exist  in 
the  basin.  Heavy  industrial  development  1s  concen- 
trated along  the  lower  teaches  of  the  Gieen- 
Duwamish  River  valley  and  in  the  Seattle-Renton 
metropolitan  area.  Light  industry  is  considerably 
more  dispersed.  Dairying,  truck  gardening,  poultry 


raising,  and  some  light  industry  are  the  chief  supports 
of  the  economy  in  the  fertile  valleys  of  the  Green, 
Cedar,  and  Sammamish  Rivers. 

Industry  and  population  have  grown  rapidly. 
The  rate  of  employment  growth  in  the  Seattle- 
Tacoma-Everett  area  for  1966  was  double  that  of 
other  West  Coast  metropolitan  areas  and  the  nation  as 
a whole.  By  April  1966,  employment  in  the  Seattle 
metropolitan  area  alone  was  47,800  above  the  same 
month  in  the  previous  year.  Employment  by  The 
Boeing  Company  grew  by  SO  percent.  Personal 
income  showed  a substantial  gain  as  the  population 
expanded. 

LAND  USE 

Land  use  in  the  Cedar-Green  Basins  varies  from 
intense  residential,  commercial,  and  industrial  uses  in 
the  city  of  Seattle,  to  undeveloped  cutover  lands  and 
second-growth  timber  in  the  eastern  portions.  Forest- 
lands predominate  in  the  basin,  accounting  for  63 
percent  of  the  total  land  use.  Most  of  this  acreage  lies 
in  Federally  administered  Snoqualmie  National  For- 
est. Approximately  seventy  percent  (70%)  of  which  is 
privately  owned.  Urban  buildup  is  significant,  ac- 
counting for  22  percent  of  the  land  area.  This 
includes  the  metropolitan  area  of  Seattle,  with  its 
nearby  cities  and  suburban  residential  areas.  Agricul- 
tural land  uses  are  concentrated  in  the  Green  and 
Sammamish  River  valleys  with  marginal  uses  in  the 
upland  areas.  Table  7-1  shows  land  use  in  the  Basin. 

TABLE  7-1.  General  land  use. 


Uw 

Acres 

Forestland 

447,000 

Cropland 

63,000 

Rang*  land 

3,000 

Other  land 

34,000 

Urban  buildup 

167,000 

Inland  water 

30,000 

Total  land  and  inland  water 

743,000 

PRESENT  STATUS 


WATER  USE 

Surface  and  ground  water  used  for  municipal 
industrial,  and  rural-individual  purposes  averages 
about  16S.4  million  gallons  daily  (Table  7-10).  No 
ground  water  supplies  are  used  in  the  Seattle  area. 
Nearly  all  small  population  centers  outside  the  Seattle 
dty  limits,  however,  including  rapidly  growing 
Renton,  and  Kent,  rely  mainly  on  ground  water 
supplies.  Table  7-2  summarizes  water  use  in  the  Basin 
in  1965. 

Municipal 

The  total  amount  of  surface  and  ground  water 
used  primarily  for  municipal  and  domestic  purposes 
averages  108  mgd,  or  more  than  65  percent  of  the 
total  basin  water  consumption.  The  average  per  capita 
water  consumption  in  municipalities  throughout  the 
Basin  is  about  103  gallons  per  day  (gpd). 

Seattle  uses  more  than  85  percent  of  the  total 
municipal  water  supplied  in  the  basin.  Figure  7-2 
shows  Seattle  water  consumption  from  1950  through 
1966.  Average  consumption  increased  from  80  mgd 
in  1950  to  about  125  mgd  in  1966,  for  an  estimated 
served  population  of  918,000  residents. 

Figure  7-3  shows  the  Seattle  water  demand 
profile  based  on  data  fro  the  period  from  1950  to 
1966.  July  through  October  shows  the  greatest 
demand.  During  July  and  August  municipal  water 
consumption  for  30  consecutive  maximum  days  is 
about  140  percent  of  the  annual  average  water  use; 
the  7 consecutive  maximum  days  is  about  160 
percent.  This  shows  the  impact  of  lawn  sprinkling  and 
other  domestic  uses  during  the  summer.  Water  use 
reaches  a low  in  March  of  leu  than  80  percent  of  the 
annual  average  water  use. 

Industrial 

Industry  in  the  basin  uses  about  56.8  mgd,  or 
34  percent  of  the  total  water  consumption.  Moat  of 
the  industrial  water  is  supplied  by  the  Seattle  water 
system.  Industry  is  heavily  concsntrated  along  the 
shores  of  Elliott  Bay,  the  Duwamiah  Waterway 
(photo  7-3)  and  the  Lake  Washington  Ship  Canal. 
Industries  currently  use  in  exceat  of  19.47  nigd  from 
the  Seattle  municipal  system. 


In  Renton,  industry  uses  1.07  mgd.  Industries 
in  the  Green  River  Valley,  Auburn,  and  Kent  use 
about  0.55  mgd.  Scattered  throughout  the  basin  are 
industries  that  supply  their  own  needs,  amounting  to 
12.62  mgd. 

Rural-Individual 

Rural-individual  water  use  in  the  basin  amounts 
to  about  0.9  mgd.  Ground  water  accounts  for  an 
estimated  0.8  mgd,  or  90  percent.  The  remainder  is 
surface  water.  The  estimated  rural  population  served 
is  about  15,000  persons.  Few  persons  are  rural  resi- 
dents because  the  economy  of  the  basin  is  centered 
almost  entirely  in  urbanized  areas  in  and  around 
Seattle. 


WATER  SUPPLIES 

Municipal  and  industrial  surface  water  supplies 
are  obtained  from  the  stems  and  tributaries  of  the 
Green  and  Cedar  rivers  in  Cedar -Green  Basin,  the  Tolt 
River  in  the  Snohomish  Basin  to  the  north,  and  from 
numerous  creeks.  These  sources  also  supply  some 
rural-individual  areas,  but  to  a much  lesser  extent. 
Ground  water  supplies  for  municipal,  industrial,  and 
rural-individual  use  are  plentiful  in  the  lowland  and 
mountain  areas.  The  lowlands  are  generally  west  of  a 
line  through  Hobart  and  Enumclaw.  The  present 
quantity  of  surface  and  ground  supplies  Upped  for 
municipal,  industrial,  and  rural-individual  use  averages 
about  165  mgd.  Surface  water  furnishes  148  mgd  of 
this  total  and  ground  water  supplies  furnish  the 
remaining  17  mgd. 

Seattle  utilizes  the -Cedar  River  and  the  Tolt 
River  watersheds  for  its  municipal  water  supply.  The 
Cedar  River  watershed,  largest  of  the  two,  has  an  area 
of  143  square  m iles,  extending  from  Landsburg  on 
the  west  to  the  creel  of  the  Caacade  Mountains.  It  is 
about  25  miles  long  and  6 miles  wide.  In  the  center  of 
the  watershed  lies  Cheater  Morse  Lake,  which  has 
been  developed  to  provide  35,000  usable  acre-feet  of 
storage  for  hydroelectric  generation  and  water  supply 
(tee  Fig.  2-5). 
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TABLE  7-2.  Water  use  (1965). 


{ 

I 

I 

I 

I 


Eatimatad 

Surface  water  uaaoa 

(mod) 

Ground  watar  uaaoa 

(mad) 

Syatam 

population 

aarvad 

Average 

daily 

Maximum 

monthly 

Maximum 

daily 

Average 

daily 

Maximum 

monthly 

Maximum 

daily 

MUNICIPAL  USE 

Saattto 

887,420 

91.90 

130.00 

253.00 

Olympic  View  Water  Diatrict 

( 1 3 ,500) 

(1.20) 

(2.361 

(3.001 

— 

— 

— 

Edmonds 

(8,200) 

(0.50) 

(0.76) 

(1.00) 

— 

— 

— 

Kirkland 

(10,000) 

(0.85) 

(1.02) 

(1.20) 

— 

— 

— 

Bothell 

(3.700) 

(0.20) 

(0.60) 

(1.00) 

— 

— 

— 

Normandy  Park 

(1.640) 

(0.12) 

(024) 

(0.37) 

— 

~ 

— 

Tukwila 

(1.600) 

(0.23) 

(0.25) 

(0.27) 

— 

— 

— 

Duvall 

(625) 

(0.03) 

(0.06) 

(0.10) 

— 

— 

— 

Renton 

38,175 

— 

— 

— 

4.10 

6.30 

8.50 

Mountlake  Terrace* 

(13.400) 

(0.80) 

(1.20) 

(3.20) 

— 

— 

— 

Auburn 

17,100 

1£0 

2.60 

3.26 

1.10 

1.40 

1.75 

Kant 

10,457 

— 

— 

— 

2.47 

2.81 

3.15 

Enumclaw 

8,500 

— 

— 

— 

0.90 

1.30 

1.70 

Redmond 

3.497 

— 

— 

— 

0.33 

0.97 

1.60 

laaaquah 

2,368 

— 

— 

— 

0.35 

0.43 

0.50 

Pacific 

1,668 

— 

— 

0.20 

0.25 

0.30 

Black  Diamond 

1,036 

— 

— 

— 

0.18 

0.22 

0.25 

Other  rural  community  tyttama 

55  000 

0.08 

0.20 

sue 

4J2 

LS2 

11.30 

Subtotal b 

1,025,220 

9390 

132.80 

256.50 

1390 

21.20 

29.10 

RURAL-INDIVIDUAL  USE* 

15,000 

0.10 

0.10 

0.20 

0.80 

1.00 

1.40 

INDUSTRIAL  USE 

Municipally  tuppltod: 
Saattto. 

Food  and  kindred 

392 

4.00 

4.27 

Chamtoab,  metale,  oih 

9.20 

10.30 

12.21 

— 

— 

— 

Lumbar  and  wood 

1.31 

1.60 

1.80 

— 

— 

Stone,  clay,  glaaa 

0.03 

0.03 

0.04 

— 

— 

— 

Tranaportation 

5.01 

5.94 

692 

- 

— 

— 

Renton: 

Food  and  kindred 

0.01 

0.01 

0.01 

0.01 

0.02 

0.03 

importation 

— 

— 

— 

1.05 

1.05 

1.15 

Kant: 

Food  and  kindred 

_ 

_ 

0.13 

0.26 

0.38 

Chemical!,  metals,  oile 

— 

— 

— 

0.25 

0.28 

0.30 

Auburn: 

Food  and  kindred 

0.02 

0.02 

0.03 

0.01 

0.01 

0.02 

TranwiortatlOA 

0.10 

0.11 

0.13 

0.05 

0.06 

0.07 

Self -supplied: 

Food  and  kindred 

0.30 

0.32 

0.34 

Chemical!,  metato,  oils 

31.00 

34.00 

37.00 

— 

— 

— 

Lumbar  and  wood 

3.34 

426 

627 

0.12 

0.17 

022 

Stone,  day,  glaaa 

0.53 

0.68 

QM 

0.42 

&5£ 

0.72 

Subtotal 

54.40 

6090 

68.20 

2.30 

2.70 

3.20 

Total 

1,040,220 

148.40 

193.80 

325.00 

16.90 

24.90 

33.70 

“Served  by  Aktorwood  Watar  0 Mr  let  which  to  wrvad  by  Evaratt. 

b Eatimated  population  Mtvad  axcaadt  tha  1966  Taak  Foret  cantut  population  of  1,010,100  bacauw  of  tha  rapidly  increating 
population  growth  axpariancad  In  tha  Saattto  araa  In  tha  part  faw  y aan  Alto,  attimatad  wrvad  population  for  tha  city  of 
Saottla  indudaa  aoma  araaa  outside  of  tha  Cadar-Qraan  Batin  and  numbaroua  watar  dtetributlon  systems  within  tha 
Cadar-Oraan  Batin  on  a parmanant  and  aaaaonai  baaia.  Tabia  2-7  datarminad  an  "average  rating"  for  thia  twain  for  340  watar 
ayatama:  tha  population  aarvad  by  thaaa  watar  ayatamt  hat  baan  indudad  in  tha  naaratt  municipal  tyttama  tinea  tha 
municipality  to  often  tha  watar  upplier  for  tha  amdler  distribution  aystem. 

e Aaaumad  relatively  low  flgura  of  16,000  panona  bacauta  tha  Basin’s  economy  and  population  to  centered  almoat  antiraly  in 
urban  araaa  In  and  around  Seattle.  Batlmatad  90  paroant  of  rural-individual  uaa  la  auppliad  by  ground  water. 
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CONSUMPTION  (MGO) 
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FIGURE  7-2.  City  of  Seattle  water  consumption. 
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FIGURE  7-3.  City  of  Seattle  water  use  profile  (1955- 
1965). 


PHOTO  7-3.  Industry  along  the  Duwamish  Water- 
way and  other  concentrated  areas  in  Seattle  use  a 
large  portion  of  the  industrial  water. 


Almost  three-fourths  of  the  Cedar  River  water- 
shed is  owned  by  the  city  of  Seattle;  the  remainder  is 
owned  by  private  interests  and  the  federal  govern- 
ment. Sustained-yield  logging  removes  merchantable 
timber.  A city  power  peaking  generating  plant  is  also 
located  in  the  watershed,  and  has  been  in  operation 
since  1904.  Sanitary  inspectors  enforce  sanitary 
regulations  on  all  operations  within  the  watershed 
and  patrol  the  area  to  prevent  trespass  and  contami- 
nation of  the  water  supply. 
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A low-crest  dam  at  Landsburg  (28  miles  from 
the  city  center)  diverts  a portion  of  the  Cedar  River 
waters  through  a screenhouse  where  it  is  chlorinated 
and  diverted  into  pipelines  that  carry  the  water  10 
miles  to  Lake  Youngs.  Formerly  a natural  lake,  Lake 
Youngs  was  developed  into  an  equalizing  reservoir  to 
serve  as  a settling  basin  when  occasional  periods  of 
turbidity  occur  on  the  Cedar  River.  River  water  can 
also  be  diverted  around  the  lake  directly  from  the 
control  works  where  the  water  is  disinfected.  From 
the  Cedar  River,  220  mgd  can  now  be  delivered 
through  large  gravity  transmission  mains  to  customers 
of  the  Seattle  Water  Department  (Figure  7-8). 

The  Tolt  River  watershed  in  the  Snohomish 
Basin,  on  the  South  Fork  of  the  Tolt  between  the 
towns  of  Carnation  and  Skykomish,  encompasses 
about  12,200  acres.  An  earth-fill  dam  impounds 
57,900  acre-feet  of  water  storage  for  municipal  and 
industrial  needs.  The  basin  is  about  3-1/2  miles  long 
and  1/2  mile  wide.  Water  is  conveyed  to  a regulating 
basin  5 miles  downstream  from  where  it  is  piped  to  a 
receiving  reservoir  at  Lake  Forest  Park,  at  the  north 
end  of  Lake  Wasnington,  where  the  distribution 
system  starts.  The  pipeline  from  the  South  Fork  of 
the  Tolt  system  can  deliver  90  mgd  to  Seattle  and 
suburban  communities. 

In  the  Tolt  River  watershed  (photo  7-4), 
the  Weyerhaeuser  Company  owns  53.8  percent  of  the 
land,  the  U.S.  Department  of  Agriculture  28.9  per- 
cent, the  city  of  Seattle  16.5  percent,  and  other 
interests  0.8  percent.  The  city  of  Seattle  and  the 
Weyerhaeuser  Company  have  an  agreement  covering 
the  operations  in  the  watershed  which  gives  the  city 
the  same  degree  of  protection  as  exists  on  private 
lands  in  the  Cedar  River  watershed.  Therefore,  the 
city  need  not  purchase  the  private  lands  in  the  Tolt 
River  area  to  protect  the  water  quality. 

The  Cedar  and  South  Tolt  River  systems 
currently  supply  Seattle  average  water  needs  of  134 
mgd  and  peaks  of  310  mgd.  Further  development  of 
the  North  Fork  of  the  Tolt  River  system  could 
increase  the  peaking  capability  to  400  mgd.  Further 
development  on  the  Cedar  River  could  increase  peak 
water  supply  to  600  mgd. 

The  Seattle  Water  Dept,  is  one  water  system 
which  currently  designs  and  constructs  for  an  option 
water  supply  category.  They  are  now  capable  of 
supplying  2.0  gpm  or  823  gpcd  (see  Figure  2-6).  The 
WSDH  option  for  this  category  is  16  gpm  or  658 
gpcd. 

The  city  of  Renton,  south  of  Seattle  at  the 


southern  end  of  Lake  Washington,  is  the  second 
largest  water-using  community  in  the  basin.  The  city 
has  a population  of  more  than  38,000  persons. 
Several  thousand  additional  persons  employed  by  The 
Boeing  Company  work  in  the  city  each  day.  The 
Renton  water  supply  system  presently  consists  of  five 
wells  that  distribute  4.1  mgd  to  the  main  parts  of  the 
city,  with  some  small  areas  served  by  the  adjacent 
Seattle  water  system. 

In  the  Green  River  valley,  the  city  of  Aubum 
distributes  3 mgd  to  a population  of  17,100  persons. 
Two  springs  and  ground  water  from  two  wells  are 
used.  The  nearby  community  of  Kent,  which  has  a 
population  of  14,000  persons,  uses  2.47  mgd 
obtained  from  two  springs  east  of  Kent.  Water 
requirements  in  the  Kent  area  are  expected  to 
increase  considerably  between  1965  and  2020. 

The  remaining  cities  and  towns  in  the  basin, 
except  Mountlake  Terrace,  rely  mainly  on  wells  for 
their  water  supply.  These  systems  serve  populations 
ranging  from  1 ,000  to  3,500  with  0.2  to  0.9  mgd. 
Mountlake  Terrace,  with  an  estimated  population  of 
more  than  13,400  persons,  is  served  by  the  Alder- 
wood  Water  District,  which  in  tum  is  provided  water 
by  the  Everett  municipal  system.  Numerous  other 
rural  community  systems  serve  4.2  mgd  to  about 
55,000  persons. 

Industrial 

Water  for  industrial  purposes  is  mostly  munici- 
pally supplied.  The  Seattle  water  system  supplies  34 
percent  of  the  needs  of  industries  in  the  basin. 
Renton  supplies  industry  with  1.07  mgd,  Kent 
supplies  0.38  mgd,  and  Aubum  0.18  mgd.  Several 


PHOTO  7-4.  The  Tolt  River  waterahed  supplies  water 
to  Seattle  from  the  Snohomish  Basin. 
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industries  in  the  Seattle  area  are  self-supplied  from 
surface  sources  for  uses  such  as  cooling.  They  use 
waters  from  Lake  Washington,  the  Lake  Union  the 
Ship  Canal,  and  Puget  Sound.  Other  industries 
throughout  the  basin  are  self-supplied  from  wells, 
springs,  and  rivers. 

Rural-Individual 

An  estimated  15,000  persons  are  supplied  by 
rural-individual  systems,  and  utilize  0.9  mgd.  It  is 
estimated  that  90  percent  of  this  supply  is  ground 
water  and  the  remainder  surface  water.  The  rural- 
individual  population  is  widely  scattered,  particularly 
in  the  eastern  parts  of  the  basin. 


WATER  RIGHTS 

The  Cedar-Green  Basin  has  a total  of  1,551 
recorded  water-rights;  of  these,  1 ,200  are  surface  and 
331  are  ground  (1966-1967).  Total  recorded  prime 
rights  appropriated  in  this  basin  amount  to  525  mgd, 
with  applications,  as  of  April  30,  1963,  for  282  mgd 
additional  - the  cities  of  Seattle  and  Tacoma  being  the 
prime  applicants. 

Surface  water  for  power  generation,  141  mgd, 
is  the  largest  use  in  the  Cedar-Green  Basin.  Following 
are  industrial,  1 1 1 mgd;  municipal,  93  mgd;  irrigation 
65  mgd;  single  and  community  domestic  supplies,  50 
mgd;  and  fish  propagation,  65  mgd.  Seven  storage 
rights  have  been  perfected  in  this  basin  for  a total 
annual  quantity  of  2,801  acre-feet.  Most  of  this 
storage  is  associated  with  developments  for  wildlife 
and  fish  propagation  use. 

The  city  of  Seattle  obtains  additional  water  for 
municipal  use  (205  mgd)  and  power  generation  (323 
mgd)  from  the  Cedar  River  under  a claim  to 
vested -rights. 


Additional  water  is  claimed  by  the  Tacoma 
Water  Department  in  the  Green  River  Basin  (130 
MGD)  under  a 1906  priority  right  and  (130  MGD) 
under  a 1908  priority  right. 

Critical  low  flows  of  small  streams  in  the  basin 
and  of  the  Green  River  have  prompted  the  Depart- 
ments of  Fisheries  and  Game  to  close  many  sources 
to  further  consumptive  appropriation  and  to  impose 
low-flow  restrictions  on  many  diversions. 

A total  quantity  of  191  mgd  was  appropriated 
under  prime  ground  water  permits  and  certificates  as 
of  September  30,  1966  and  an  additional  quantity  of 
0.6  mgd  was  recorded  under  supplemental  rights. 

Ground  water  filings  pending  in  the  application 
stage  would  account  for  additional  ground  water 
development  in  this  area  amounting  to  about  12  mgd. 

Individual,  community  and  domestic  supplies 
led  the  field  of  ground  water  used  with  98  mgd; 
irrigation,  29  mgd;  and  municipal,  22  mgd. 

Table  7-3  shows  water  rights  in  the  Cedar-Green 
Basins. 


TABLE  7-3.  Consumptive  water  rights. 


Type 

Muni- 

cipal 

(mgd) 

Indi- 
vidual 
and 
com- 
munity 
domes- 
tic (mgd) 

Indus- 

trial 

and 

com- 

mercial 

(mgd) 

Surface  water 

93.1 

50.5 

117.7 

Ground  water 

22.0 

98.0 

20.1 

Total8 

115.1 

148.5 

137.8 

aAbout  246  mgd  in  additional  appropriative  rights  have 


been  granted  for  other  consumptive  uses  in  the 
basin. 


WATER  RESOURCES 


SURFACE  WATER 
Quantity  Available 

Resources  of  surface  water  abound  in  existing 
and  potential,  natural  or  developed,  storage  sites  in 
the  Cedar-Green  Basin.  However,  the  quantity  avail- 


resources  in  the  basin  are  the  streams,  artificial 
storage  impoundments,  and  lakes. 

Streams.  The  prime  stream  resources  are  those 
in  the  Green-Duwamish  and  Cedar  River  watersheds. 
Stream  flow  runoff  data  obtained  in  the  Cedar-Green 
Basin  indicate  a range  in  mean  annual  runoff  contri- 
bution from  about  100  inches  near  the  Cascade  crest 
near  the  headwaters  of  the  Cedar  River  to  less  than 
20  inches  near  Seattle.  The  annual  estimated  average 
runoff  for  the  basin  during  the  30-year  period  from 
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1931  through  1960  was  about  36  inches,  or 
2,200,000  acre-feet.  Runoff  is  measured  at  several 
discharge  stations  located  throughout  the  basin.  Refer 
to  Appendix  XIII  for  a map  showing  the  location  of 
these  stations. 

Runoff  from  the  upper  part  of  the  Green  River 
watershed  has  been  measured  since  1932  at  a station 
near  the  community  of  Palmer.  The  30-year  period  of 
record  indicates  a mean  annual  discharge  of  1 ,080  cfs. 
The  maximum  annual  runoff  (1,500  cfs,  or  139  per- 
cent of  the  30-year  mean)  at  this  station  occurred  in 
1959.  The  minimum  annual  discharge,  in  1941, 
amounted  to  47  percent  of  Jie  mean  (508  cfs). 
Lxtreme  discharges  of  27,800  cfs  (maximum)  and  81 
cfs  (minimum)  have  been  recorded. 

Stream  flow  records  for  the  Cedar  River  date 
back  to  1895,  making  it  one  of  the  longest  periods  of 
record  for  a stream  in  the  Puget  Sound  Area.  With  the 
exception  of  two  short  periods,  continuous  measure- 
ments have  been  taken  at  a gaging  station  located 
near  Landsburg.  The  data  obtained  represent  the 
runoff  from  about  the  upper  half  of  the  Cedar  River 
watershed  and  closely  reflect  natural  runoff  condi- 
tions. During  the  1931  through  1960  period  of 
record,  the  average  annual  discharge  was  680  cfs.  The 
highest  annual  discharge  (940  cfs,  or  138  percent  of 
the  30-year  mean)  was  recorded  in  1934.  The  lowest 
discharge  (340cfs)  occurred  in  1941  when  the  flow 
was  only  50  percent  of  the  mean.  Extreme  maximum 
and  minimum  dischares  of  14,200  cfs  and  83  cfs  have 
been  observed  on  the  Cedar. 

A stream  gaging  site  at  Bothell  measures  runoff 
from  88  percent  of  the  Sammamish  River  watershed. 
During  the  1939-1960  period  of  record,  the  average 
annual  discharge  was  367  cfs.  The  maximum  recorded 
discharge  occurred  in  1965  and  was  1,910  cfs  (52 0 
percent  of  the  21 -year  mean).  The  minimum  dis- 
charge recorded  during  the  21  -year  period  was  62  cfs 
(17  percent  of  the  mean)  in  1951 . Stream  flow  of  the 
Sammamish  River  depends  highly  on  the  amount  of 
outflow  from  Lake  Sammamish,  which  receives  40 
percent  of  the  total  runoff  in  the  watershed.  The 
Cedar,  Green,  and  Sammamish  Rivers  display  runoff 
patterns  similar  to  other  rain  and  snow-fed  streams. 
The  highest  flows  occur  during  December  and  Janu- 
ary, receding  slightly  as  spring  approaches,  then 
merging  into  the  ten  pronounced  snowmelt  runoff 
peak  during  April,  May,  and  June.  Base  flows  on  the 
Cedar  during  the  dry  summer  months  are  relatively 
high,  in  part  because  of  the  storage  influence  of 
Chetter  Morse  Lake  and  sizable  ground  water  contri- 


butions. The  highest  discharges  of  the  Green  River 
ususally  result  from  winter  rains.  Pronounced  low 
flows,  reaching  a minimum  in  August,  reflect  the 
absence  of  storage  in  glacial  ice  and  meager  contribu- 
tions from  ground  water.  Stream  flow  on  the  Sam- 
mamish is  characterized  by  a series  of  sharp  peaks 
from  October  through  March  and  a summer  base  flow 
of  about  200  cfs. 

A low-flow  frequency  analysis  has  been 
made  by  the  U.S.  Geological  Survey  for  35  gaging 
stations  in  the  basin  (photo  7-5)  based  on  an  18-year 
period  of  record  from  April  1,  1946,  to  March  31, 
1964.  The  7-day  and  30-day  flows  that  may  be 
expected  to  occur  at  eight  of  these  stations  for 
recurrence  intervals  of  5, 10,  and  20  years  are  shown 
in  table  7-4.  Use  of  low-flow  data  should  take  into 
account  that:  (1)  the  Cedar  River  at  Landsburg  is 
affected  by  regulation  for  power  development  at 
Chester  Morse  Lake  and  Masonry  Pool;  (2)  records  of 
the  Cedar  River  made  at  Renton  are  affected  by 
upstream  regulation  and  diversion  of  the  river  for 
municipal  use  by  Seattle;  (3)  recent  channel  improve- 
ments on  the  Sammamish  River  may  have  changed  its 
low-flow  characteristics;  (4)  records  for  the  Green 
River  below  Palmer  are  affected  by  diversion  to 
Tacoma  and  the  operation  of  Howard  A.  Hanson 
Dam  for  flood  control  and  conservation. 

Dams  and  Impoundments.  There  are  three  dams 
in  the  Basin.  These  are  the  Howard  A.  Hanson  Dam 
on  the  upper  Green  River  and  Masonry  Dam  at 
Masonry  Pool  adjacent  to  Chester  Morse  Lake  on  the 
upper  Cedar  River.  A crib  dam  is  also  located  at 
Chester  Morse  Lake  (upper  Cedar  River). 


PHOTO  7-6.  Watershed  protaction  kaaps  bacterial 
count  low  in  the  upper  Green  River. 
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TABLE  7-4.  Low-flow  frequency. 


I 


f 

I 


I 


( 


Station 

Recur- 

rence 

interval 

(years) 

7-day 

low 

flow 

(cfs) 

30-day 

low 

flow 

(cfs) 

Graan  Rhrer  near  Latter 

5 

30.0 

34.0 

10 

27.0 

30.0 

20 

24.7 

26.5 

Newaukum  Creak  near 

S 

13.0 

14.6 

Black  Diamond 

to 

11 J 

12.7 

20 

10.0 

11.1 

Big  Soot  Creak  near  Auburn 

5 

26.0 

26.5 

to 

22.0 

23.6 

20 

20.0 

21.0 

Graan  River  at  Tukwila 

6 

IflB.O 

186.0 

10 

1404) 

165.0 

20 

120.0 

130.0 

Cedar  River  near  Landsburg 

6 

2104) 

236.0 

to 

1844) 

210.0 

20 

1704) 

190.0 

Cedar  River  at  Renton 

5 

66.0 

76.0 

10 

404) 

62.0 

20 

29.0 

36.0 

laaaquah  Creak  near  laaaquah 

S 

12.6 

14.0 

to 

11.7 

12.7 

20 

114) 

11.7 

Sammamish  River  at  Bothell 

5 

78.0 

83.0 

to 

72.0 

76.0 

20 

06.0 

70.0 

The  Howard  A.  Hanson  Reservoir  has  a 
maximum  storage  of  106,000  acre-feet  and  provides 

106.000  acre-feet  of  active  storage  for  municipal  and 
industrial  water  supply  and  conservation.  Maximum 
storage  is  not  retained  in  Howard  A.  Hanson 
reservoir,  but  is  dissipated  as  soon  after  a flood  as 
possible  to  provide  storage  capacity  in  the  event  of  a 
second  flood.  During  low-flow  periods,  discharge 
below  the  dam  is  augmented  so  that  about  100  cfs  is 
maintained  in  the  lower  reaches  for  fishery 
enhancement. 

Chester  Morse  Lake  is  a natural  lake  that  has 
been  developed  to  provide  56,000  acre-feet  of  storage 
for  hydroelectric  power  and  water  supply.  The 
Masonry  Pool  reservoir,  located  about  2 miles  down- 
stream from  Chester  Morse  Lake,  has  a capacity  of 

4.000  acre-feet.  In  1900,  storage  ir  Chester  Morse 
Lake  was  increased  by  the  construction  of  a crib  dam 
15  feet  high.  Masonry  Dam,  completed  in  1918  to  a 
height  of  120  feet,  was  constructed  to  inundate  the 


crib  dam  and  provide  increased  storage  for  power 
generation  and  municipal  supply.  An  immense  earth 
slide  and  washout  near  the  right  abutment  occurred 
shortly  after  construction  of  the  dam.  Since  this 
failure,  the  level  of  the  Masonry  Pool  has  been 
maintained  at  an  elevation  of  about  1,555  feet,  which 
is  the  crest  elevation  of  the  crib  dam.  A high  rate  of 
seepage  occurs  from  the  reservoir  when  higher  water 
levels  are  attained,  creating  conditions  that  could 
result  in  another  failure. 

The  city  diverts  municipal  water  from  the 
Cedar  River  near  Landsburg  into  storage  in  Lake 
Youngs.  The  lake  has  a reservoir  area  of  700  acres  and 
provides  1 1 ,000  acre-feet  of  off-stream  storage  for 
the  city  of  Seattle.  The  lake  is  used  primarily  as  a 
storage  reservoir,  and  up  to  150  mgd  is  drawn  from  it 
when  the  river  water  becomes  turbid,  at  which  time 
no  river  water  is  diverted. 

Lakes.  The  most  notable  fresh-water  lake 
resource  in  the  basin  is  the  Lake  Sammamish-Lake 
Washington  chain,  connected  by  the  14-mile-long 
Sammamish  River.  About  607  square  miles  of  surface 
area  drain  into  Lake  Washington  through  the  Sam- 
mamish River  at  the  north  and  the  Cedar  River  at  the 
south.  The  Lake  Washington  Ship  Canal  complex, 
6-1/2  miles  long  with  a minimum  def  *'  of  30  feet, 
connects  Lake  Washington  to  Shilsholr  uy  and  Puget 
Sound.  Ideally,  the  Chittenden  Locks  maintain  the 
water  level  in  Lake  Washington  and  the  ship  canal 
complex  between  20  and  21.85  feet  above  mean  low 
tide  on  Puget  Sound.  Lowering  to  below  20  feet  is 
sometimes  necessary  during  periods  of  low  inflow  to 
provide  enough  water  to  operate  the  locks. 

The  minimum  depth  of  the  canal  is  some  10 
feet  below  the  mean  low  tide  level.  Therefore,  opera- 
tion of  the  locks,  particularly  at  high  tides,  permits 
some  upstream  flow  of  salt  water  from  Shilshole  Bay. 
Part  of  the  lock  system  consists  of  a huge  sump  in 
Salmon  Bay,  just  above  the  locks.  Most  of  the  cold, 
dense  sea  water  settles  into  the  sump  and  is  pumped 
back  to  the  downstream  tide  of  the  locks.  During 
periods  of  low  inflow  into  Lake  Washington,  from 
April  to  November,  this  system  cannot  remove  all  the 
salt  water,  and  a layer  of  cold  sea  water  penetrates 
along  the  bottom  of  the  canal  toward  Lake  Washing- 
ton. To  prevent  permanent  salination  of  the  lake  and 
destruction  of  freshwater  plant  and  animal  life,  salt 
content  is  monitored  at  the  Montlake  Bridge.  When 
salinity  reaches  10  mg/1,  the  upstream  syphon  intake 
in  the  ship  canal  is  opened  to  flush  the  salt  water 
back  toward  the  sound  below  the  locks. 
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Quality 

High-quality  surface  water  is  available  at 
selected  points  in  the  Cedar-Green  Basin,  as  shown  in 
table  7-5.  The  major  rivers  and  streams  flow  from 
isolated  and  protected  country.  However,  industrial 
development  and  an  increasing  population,  with  their 
accompanying  waste  disposal  to  surface  waters,  have 
caused  the  water  quality  of  some  lakes,  downstream 
sections  of  major  streams,  and  other  water  courses  to 
deteriorate. 

Data  in  table  7-S  were  gathered  from  10  moni- 
toring stations  since  about  1959. 

Physical  The  maximum  summer  temperature 
of  the  Green  River  at  Auburn,  24.2°C  (75.6°F),  has 
one  of  the  highest  recorded  stream  temperatures  in 
the  Puget  Sound  Area.  Other  high  temperatures  have 
occurred  in  the  Sammamish  River  at  Bothell,  23.6°C 
(74.5°F),  and  in  the  Cedar  River  at  Renton,  22.8°C 
(73.0°F).  The  Lake  Washington  Ship  Canal  water  has 
attained  a high  of  over  20.4°C  (69°F).  Summertime 
temperatures  in  other  streams  in  the  Basin  are 
considerably  cooler;  no  stream  exceeds  18.S°C 
(65.3°F). 

Streamborne  sediment  is  not  a serious  problem 
in  the  upper  parts  of  rivers  in  the  basin,  but  it  is  a 
problem  in  their  lower  reaches.  A dense  cover  of  vege- 
tation on  most  slopes  prevents  excessive  soil  erosion. 
Streams  in  the  Cedar  River  watershed  transport  only 
small  amounts  of  sediment,  with  suspended-sediment 
concentrations  of  less  than  20  mg/1.  Sediment  data 
collected  daily  on  the  upper  Green  River  from  1951 
to  1955  showed  suspended-sediment  concentrations 
ranging  from  1 to  1 ,350  mg/1.  On  the  lower  Green 
River  at  Tukwila,  the  maximum  concentration  was 
1,590  mg/1. 

Turbidity  is  generally  high  in  the  major  streams 
except  the  Cedar  River.  Maximum  turbidity  observed 
in  Issaquah  Creek  was  350  JTU,  the  highest  recorded 
turbidity  in  the  Basin.  The  Sammamish  River  at 
Bothell  showed  a maximum  of  120  JTU.  Maximum 
turbidity  on  the  Duwamish  River  at  Tukwila  was  70 
JTU,  less  than  Issaquah  Creek  or  the  Sammamish 
River.  Smaller  streams  have  low  turbidities,  generally 
less  than  6.0  JTU,  and  seldom  surpassing  25  JTU. 

Chemical.  The  chemical  quality  of  surface 
water  in  the  Cedar-Green  Basin  is  excellent,  and  the 
water  is  acceptable  for  nearly  all  uses  with  little  treat- 
ment.  Water  from  most  streams  and  lakes  is 
chemically  soft,  low  in  dissolved  solids,  and  high  in 
dissolved  oxygen  concentrations.  The  grestest  con- 
centrations of  dissolved  solids  occur  in  the  Duwamish 


River  nesr  Tukwila  and  in  the  Lake  Washington  Ship 
Canal. 

Significant  amounts  of  iron  occur  in  some 
stream  sections.  Iron  concentrations  in  the  Sam- 
mamish River  at  Bothell  average  0.5  mg/1;  a maxi- 
mum concentration  of  2.4  mg/I  has  been  recorded.  In 
Issaquah  Creek,  the  average  is  0.7  mg/1  and  the  maxi- 
mum 2.6  mg/1.  In  the  Duwamish  River  at  Tukwila, 
the  average  iron  content  is  0.6  mg/1  and  the  maxi- 
mum 1 .7  mg/1. 

Dissolved  oxygen  values  in  Table  7-5  indicate 
that  most  fresh  water  in  the  basin  contains  adequate 
oxygen  to  maintain  aquatic  life.  However,  the 
estuarial  reach  of  the  Duwamish  River  from  Tukwila 
downstream  to  the  mouth  does  have  at  times,  a 
dissolved -oxygen  content  of  less  than  5 mg/1  caused, 
in  part,  by  changes  from  a free-flowing  stream  to  a 
fairly  quiescent  tidal  condition. 

The  lower  Duwamish  River  has  been  the  subject 
of  study  by  various  agencies  since  the  city  of  Seattle 
began  its  study  of  dissolved  oxygen  in  the  river  during 
the  fall  of  1948.  In  August  1949,  the  dissolved- 
oxygen  content  in  the  bottom  water  was  3.7  mg/1  and 
in  the  surface  layer  it  measured  6.1  mg/1.  As  part  of  a 
comprehensive  water  quality  program  begun  in  1961 , 
Metro  (the  municipality  of  metropolitan  Seattle)  has 
studied  extensively  the  physical,  chemical,  and  bio- 
logical  characteristics  of  the  lower  Green  River  and 
the  Duwamish  Waterway.  A cooperative  monitoring 
program  has  been  maintained  since  1964  by  Metro 
and  the  UJ>.  Geological  Survey.  Biological  and 
nutrient  sampling  of  the  Green-Duwamish  River  is 
conducted  monthly  during  the  winter  and  weekly 
throughout  the  remainder  of  the  year.  Routine 
sampling  in  August  1963  showed  that  the  bottom 
waters  in  the  Duwamish  Waterway  lacked  adequate 
amounts  of  dissolved  oxygen  at  times  zero  DO  was 
recorded  to  maintain  aquatic  life  for  a prolonged 
period.  Further  sampling  during  the  critical  summer 
period  revealed  a month-by-month  degeneration  in 
oxygen  concentration.  Dissolved  oxygen  decreased 
from  5.2  mg/1  in  July  to  3.1  mg/1  in  September. 

Studies  in  Lake  Union  and  the  Lake  Washing- 
ton Ship  Canal  relating  to  salt  water  intrusion  and 
dissolved  oxygen  depletion  were  started  in  1964  and 
continued  in  1966.  Records  show  s noticeable 
decrease  in  salt  water  intrusion  from  Puget  Sound 
into  the  canal  since  1960.  Little  intrusion  was 
detected  beyond  Lake  Union  in  1966.  Dissolved 
oxygen  concentrations  are  zero  in  the  bottom  waters 
of  Lake  Union.  Although  sewers  that  had  been 
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TABLE  7-5.  Surface  water  quality 


GREEN  RIVER  NEAR  PALMER 


JULY  1959  THROUGH  JULY  1961 


Man  mum 
Mn» 

Minimum 

» 

10.800 

>56 

21 

46 

37 

2S 

6.6 

51 

3.4 

2! 

» 4 
06 

01 

21 

3.3 

26 

20 

19 

05 

02 

0.0 

11_ 

32 

22 

13 

_2!_ 

0 

0 

0 

4 

3J 

2 1 
14 

1.5 

10 

05 

21 

0.2 

01 

00 

20 

09 

02 

00 

62 

44 

33 

0.06 

002 

000 



- 17.0 
13.5 

- 110 

- 21 

0.58 

013 

0.00 

20 

009 
0 03 
000 

4 

7.5 

6.2 

20 

"hT 

0 

21 

“1*0 
- 68 

- 2.0 

- 16 

13  1 
11.2 
94 

17 

104 

100 

90 

16 

77 

15 

10 

21 

2 

0 

0 

21 

114 

0 

17 

GREEN  RIVER  AT  PURIFICATION  PLANT  NEAR  PALMER 

OCTOBER  1931  ANO  OCTOBER  1948 

... 

38 

52 

1 2 

66 

06 

29 

32 

63 

00 

07 

— 

- 230 

0 05 

7 4 

- 

— — 

— 

18 

0 

— 

Mhk 

39 

5 1 

1 2 

48 

06 

25 

— 

76 

39 

00 
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— 
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— 

— 

— 
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— 

~ 

18 

0 

— 

Minimum 

- 

39 

50 

1.2 

27 

06 

21 

“ 

20 

16 

00 

00 

~ 

- 

- 14.0 

0.00 

7.4 

- - 

- 

17 

0 

1 

2 

2 

2 

1 

2 

- 

2 

2 

1 

2 

~ 

- 

2 

2 

- 

1 

- 

- - 

- 

- 

2 

1 

- 

GREEN  RIVER  NEAR  AUBURN 

JULY  1959  THROUGH  FEBRUARY  1966 

4.600 

71 

110 

3.1 

60 

10 

50 

0 

64 

38 

03 

19 

103 

0 13  - >6  0 

>20 

0.03 

7.9 

15 

40  74.2 

14  1 

132 

39 

0 

74.000 

Mhk 

51 

7 1 

1 6 

36 

05 

32 

0 

38 

1.7 

0 1 

0 7 

67 

003 

13.2 

0 24 

0.01 

•- 

— 

...  10.1 

111 

101 

24 

0 

1.225 

Minimum 

> 77 

30 

40 

05 

2.2 

0.0 

20 

0 

2.0 

0.0 

00 

00 

38 

000 

-•  9.6 

0.00 

0.00 

6.2 

0 

0 35 

83 

81 

14 

0 

0 

63 

94 

84 

•4 

64 

•4 

84 

33 

84 

84 

64 
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•4 

73 

- 84 

71 

13 

84 

83 

45  87 

88 

87 

84 

84 

86 

GREEN  RIVER  AT  TUKWILLA 

OCTOBER  1962  THROUGH  APRIL  1966 

116 

200 

20  0 

16.0 

1.7 

68 

0 

98 

19.0 

02 

4 5 954 

089 

-18  5- 

>70 

009 

76 

30 

70  20  0 

127 

1 >2  13 3 

78 

74O.000 

_ 

72 

90 

30 

7.4 

1.0 

41 

0 

5 7 

68 

0.1 

20 

121 

0.21 

- 145 

0.58 

0.03 

■« 

— 

- 10.6 

97 

89 

36 

2 

17.789 

Minimum 

- 

34 

4.5 

05 
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01 

22 

0 
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66 
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0 
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CEDAR  RIVER  AT  RENTON 

JULY  1959  THROUGH  MARCH  1966 
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77 
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50 
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58 
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22 
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— 
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24 

0 
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34 
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06 
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0.0 

72 

0 

16 

05 

00 

0.0 

46 

000 
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0.00 

0.00 

69 

0 

0 4 1 
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77 

16 

0 

0 
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39 

46 

46 

46 

46 

46 

46 
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46 
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46 

43 
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43 

13 

46 

46 
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61 

50 

46 

46 

50 
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CE0AR  RIVER  NEAR 

LAN0SBURG 

JULY  1959  THROUGH  AUGUST  1962 

i Maximum 

1.800 

51 

1)  0 
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05 

30 

0 

40 
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001 
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23 
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?1 

20 

23 
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SAMMAMISH  RIVER  AT  BOTHELL 

JULY  1959  THROUGH  MARCH  19S6 
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66 
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53 
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ISSAQUAH  CREEK  NEAR  ISSAQUAH 

NOVEMBER  1964  THROUGH  APRIL  1966 
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LAKE  WASHINGTON  SHIP  CANAL  AT  SEATTLE 

OCTOBER  1964  THROUGH  SEPT  1965 
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emptying  into  Lake  Union  have  been  intercepted  by  the  routing  of  storm  water  into  the  lake,  littoral  vege- 

the  Metro  system,  bottom  deposits  and  storm  water  tation,  mud  shoals,  waterfowl  droppings,  and  out- 

overflows  continue  to  degrade  Lake  Union  water  breaks  of  swimmers  itch.  After  studying  the  situation, 

quality.  the  Seattle  Park  Department  instituted  a program  to 

Water  quality  in  the  basin  is  also  affected  by  improve  the  lake.  Large  amounts  of  nutrient-  poor 

the  introduction  of  toxicants,  especially  by  industries  city  water  were  added  to  dilute  the  lake,  and  dredging 

located  along  the  Green-Duwamish  River.  Although  and  shoreline  improvements  were  undertaken.  Since 

data  are  not  available,  it  is  known  that  concentrations  1962,  the  lake  has  been  flushed  about  seven  times, 

of  toxic  wastes  have  been  high  enough  at  times  to  be  This  has  decreased  the  quantity  of  algae,  improved 

lethal  to  fish  and  aquatic  life.  In  the  case  of  the  the  transparency  of  the  water,  and  virtually  elimi- 

Duwamish,  essentially  all  industries  discharge  wastes  nated  one  species  of  blue-green  algae.  These  remedial 

containing  toxicants,  but  their  concentrations  are  actions  have  saved  Green  Lake  from  complete  degra- 

tequired  to  be  within  established  standards.  Careless  dation. 

spills  and  dumps  in  the  past,  however,  have  allowed  At  the  same  time,  Lake  Washington  was 

highly  toxic  materials  to  reach  the  waterway,  and  becoming  opaque  with  scum  and  filth.  Excessive 

these  were  extremely  detrimental  to  the  aquatic  life  amounts  of  raw  domestic  sewage  was  converting  its 

of  the  river.  Cyanides,  chromates,  acid  pickling  oligotrophic  character  to  a condition  of  eutrophy.  In 

liquor,  oils,  grease,  sodium  hydroxide,  phenols,  and  1960,  Metro  started  a 10-year  program  with  one 

pentachlorophenols  are  some  of  the  wastes  that  enter  objective  to  eliminate  waste  inflow  to  Lake  Washing- 

the  river.  ton.  To  date,  Metro  has  greatly  reduced  the  con- 

Bactariotogical.  Sanitary  quality  in  the  lower  tamination  of  Lake  Washington,  and  the  lake  is 

reaches  of  major  streams  in  the  basin  has  been  a regaining  its  sparkling  blue  sheen  and  oligotrophic 

problem  for  many  years.  The  presence  of  a high  condition. 

number  of  fecal  coliform  organisms  in  water  samples  A limnological  investigation  of  water  quality  in 

taken  at  the  stations,  as  shown  in  table  7-6,  indicates  Lake  Sammamish  is  presently  being  conducted  by 

possibly  dangerous  pollution  in  some  areas.  The  Metro  to  determine  conditions  and  devise  means  to 

Green  River  above  Auburn  (figure  7-8)  is  bacterio-  prevent  further  eutrophication.  The  study  so  far  indi- 

logically  satisfactory;  the  MPN  range  near  Palmer  was  cates  that  the  lake  is  in  the  early  stages  of  eutrophica- 

only  0 to  430.  Conditions  become  worse  down-  tion  and  is  possibly  more  degraded  than  Lake  Wash- 

stream.  At  Auburn,  the  MPN  range  was  0 to  24,000.  ington  was  in  1950.  Twelve  stations  were  established 

On  Big  Soos  Creek,  a tributary  to  the  Green  River,  on  the  lake  to  collect  data  on  water  quality.  A sub- 

the  MPN  range  was  0 to  24,000.  MPN  values  stantial  quantity  of  nutrients  are  being  contributed 

range  from  230  to  240,000  on  the  Duwamish  River  at  by  Issaquah  Creek,  Tibbetts  Creek,  and  several  minor 

Tukwila.  tributary  streams.  The  blue-green  algae  population  of 

The  bacteriological  quality  of  the  Cedar  River  is  Lake  Sammamish  is  a typical  indication  that  the  lake 

excellent  above  Landsburg,  where  88  percent  of  the  is  undergoing  eutrophication.  In  1964,  20  percent  of 

MPN  recorded  was  leu  than  240.  Downstream  at  the  samples  at  three  stations  exceeded  240  MPN.  A 

Renton,  the  MPN  range  was  0 to  4,600.  year  later,  only  one  station  had  20  percent  of  samples 

On  the  Sammamish  River  at  Bothell,  MPN  over  240  MPN,  but  this  station  was  located  in  an  area 

values  are  usually  leu  than  1,000,  but  a high  of  of  maximum  recreation  usage.  More  than  5 percent  of 

11,000  has  been  recorded.  The  Lake  Washington  Ship  samples  taken  from  two  other  stations  exceeded 

Canal  showed  MPN  values  ranging  from  36  to  4,600.  2,400  MPN. 

Issaquah  Creek,  which  flows  into  Lake  Sammamish,  Information  on  temperature,  transparency, 

has  an  average  coliform  count  in  exceu  of  1 1 ,000  nutrients,  disaolved  oxygen,  phytoplankton,  and  zoo- 
MPN  and  an  MPN  range  of  36  to  24,000.  plankton  populations,  primary  productivity,  and  bac- 

In  the  pest,  a few  of  the  larger  lakes  have  been  teriologicai  data  are  not  available  for  other  fresh- 

subject  to  uncontrolled  water  pollution.  Until  a few  water  lakes  in  the  basin.  Probably,  population 

years  ago.  Green  Lake  waa  an  eu trophic  body  of  increases  and  encroaching  suburban  developments 

water  plagued  by  heavy  blooms  of  blue-  green  afeae  will  cause  other  lakes  to  deteriorate  at  an  increasing 

during  the  warmer  months.  Use  of  the  lake  waa  rate  in  the  future  unlen  protective  measures  are  taken 

impeded  by  seasonal  algal  blooms,  sewer  overflows,  during  land  development. 
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GROUND  WATER 
Quantity  Available 

Ground  water  supplies  are  plentiful  in  many 
places  in  lowland  and  mountain  areas  of  the  Cedar- 
Green  Basin.  The  most  important  aquifers  occur  in 
the  lowlands  in  sedimentary  deposits  of  the  Quater- 
nary Age.  These  sediments  are  mainly  till,  recessional 
outwash,  alluvium,  and  mudflow  deposits.  The 
uplands  are  covered  principally  by  till. 

The  alluvium,  which  occurs  mainly  on  flood 
plains  of  the  Sammamish,  Cedar,  and  Green  Rivers,  is 
composed  principally  of  sand  and  gravel.  Fine  sand, 
silt,  and  clay  predominate  in  the  Green  River  valley 
north  of  Auburn.  The  water  table  in  the  alluvium  is 
generally  about  the  same  level  as  the  river.  Deeper 
alluvial  aquifers  in  'he  lower  Green  River  valley  are 
confined  under  t tesian  pressure.  Mudflow  deposits 
are  exposed  on  the  uplands  east  of  Auburn  and  south 
of  the  Green  River.  They  serve  as  a confining  layer 
for  underlying  artesian  aquifers. 

Sediments  older  than  till  are  exposed  along 
some  margins  of  the  uplands,  especially  along  Puget 
Sound  and  the  lower  Green  River  valley.  These  older 
sediments  include  sand  and  gravel  aquifers  that  con- 
tain fresh  water  at  most  places.  Consolidated  rocks  of 


pre-Quatemary  Age  usually  do  not  contain  significant 
aquifers. 

Precipitation,  primarily  rainfall,  recharges  the 
lowland  aquifers.  These  aquifers  are  estimated  to 
receive  about  110,000  acre-feet  of  recharge  in  an 
average  year.  The  natural  discharge  of  ground  water  is 
primarily  into  the  lower  drainages  of  the  Green, 
Cedar,  and  Sammamish  Rivers  and  Lakes  Washington 
and  Sammamish. 

Quality 

Most  aquifers  in  the  basin  furnish  ground  water 
of  excellent  quality  that  is  acceptable  for  nearly  all 
uses.  Concentration  of  dissolved  solids  is  usually  less 
than  200  mg/I  in  the  shallower  aquifers,  and  some- 
what greater-up  to  500  mg/1  - in  deeper  aquifers. 
Hardness  of  the  ground  water  is  generally  less  than 
120  mg/1.  Highly  mineralized  water  occurs  in  some 
aquifers  adjacent  to  Puget  Sound.  Silica  content 
averages  about  30  mg/1  in  waters  containing  less  than 
200  mg/1  of  dissolved  solids.  Brackish  water  occurs 
only  locally  in  the  deeper  aquifers.  Some  deep 
aquifers  in  the  southern  part  of  the  basin  commonly 
yield  water  containing  more  than  50  mg/1  of  sodium. 
Table  7-6  contains  ground  water  quality  data  for 
selected  wells  in  the  basin. 


PRESENT  AND  FUTURE  NEEDS 


The  Cedar-Green  Basin  will  continue  to  be  the 
center  of  population  and  economic  growth  in  the 
Puget  Sound  Area  through  the  turn  of  the  century. 
The  Seattle  Water  Department  has  in  current  use,  and 
presently  under  development,  watersheds  on  the 
South  Fork  of  the  Toh  River  and  the  Cedar  River 
adequate  to  meet  the  projected  municipal  and  indus- 
trial water  needs  to  the  year  2007.  Figure  7-8  shows 
the  water  requirements  from  1922  to  the  present, 
projected  needs  through  2020,  and  the  supply 
sources. 

The  Green  Rim  is  the  principal  source  of 
municipal  and  industrial  water  for  the  city  of 
Tacoma,  and  consequently  cannot  be  considered  a 
reserve  source  of  supply  for  increased  future  water 
needs  the  Cedar-Green  Basin. 

Vaahon  bland  is  expected  to  grow  more  slowly 
than  the  remainder  of  the  basin,  primarily  because  of 
restricted  access  to  the  mainlaud  and  the  lack  of 
adequate  water  reserves. 


Several  communities  in  the  south  portion  of  the 
basin,  notably  south  Kent  and  Auburn-  Federal  Way, 
are  projected  to  have  the  largest  single  increase  in 
population.  These  communities,  mostly  served  by 
individual  and  small  community  systems,  already 
have  an  inadequate  supply  of  ground  water  and  are 
too  far  south  to  be  served  economically  from  the 
Lake  Youngs  supply.  At  present,  these  communities 
can  be  served  from  the  northeast  service  area  of  the 
Tacoma  water  system. 

PROJECTED  POPULATION  GROWTH 

The  1965  Cedar-Green  Basin  population 
(1,040,200)  is  projected  to  increase  to  1 ,479  flOO  (42 
percent)  by  1980,  to  2375,700  (130  percent)  by 
2000,  and  to  3,816,300  (267  percent)  by  2020.  (See 
figure  74.)  Expansion  will  be  mostly  to  the  east, 
including  most  of  the  Snoqualmie  River  Valley  lying 
south  of  Carnation,  and  south  of  the  Cedar  Rim 
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TABLE  7-fl.  Ground  water  quality. 


/ 


King  County  Wattr  DM.  No.  64 

21/4-5Q2 

12/18/69 

50 

18 

4.4 

14 

6.3 

6.8 

2.8 

0.2 

0.08 

102 

67 

167 

7.6 

King  County  Wator  DM.  No.  19 

23/3-29QS 

3/3/61 

47 

28 

0.01d 

10 

8.6 

6.0 

1.2 

10.0 

0.07 

116 

60 

168 

7.3 

Tho  Booing  Company 

23/4-4A1 

4/8/64 

66 

26 

0.14 

314 

8.4 

1.0 

872 

1600 

City  of  Ronton 

23/B-17F1 

6/23/60 

66 

14 

0.00 

12 

3.6 

4.0 

0.6 

03 

0.02 

74 

44 

110 

63 

King  County  School  DM.  No.  400  24/4-25 R1 

4/11/88 

62 

23 

041 

10 

10 

6.0 

4.2 

0.1 

104 

66 

156 

7.7 

King  County  Wator  DM.  No.  82 

24/6-4N1 

4/3/58 

48 

34 

1.0® 

10 

4.6 

4.2 

3.3 

3.3 

96 

44 

106 

7.2 

Providanca  Haights  Collags  No.  2 

24/6-9J1 

10/6/60 

26 

0.20 

7.0 

3.8 

3.9 

03 

0.7 

0.14 

68 

33 

85 

7.3 

City  of  Issaquah 

24/6-27Q1 

8/20/61 

60 

17 

0.07 

22 

3.6 

7.4 

13 

0.1 

100 

68 

162 

8.0 

City  of  Rod  mood 

26/6-12C1 

3/24/60 

40 

23 

0.06 

10 

4.7 

4.8 

1.1 

6.6 

82 

44 

116 

7.3 

Bo  t hall  Watar  DMrlct 

26/5-6E1 

8/24/61 

47 

0.03 

21 

8.4 

8.6 

4.0 

0.7 

168 

87 

201 

7.1 

'Location  coda  la  the  legal  daacrlptkm  of  the  aha  of  the  wall  or.  In  aotna  cam,  spring. 

For  example,  27/2-26N2  indicsMs  township  27.  range  2 eaat  (range  waat  amid  be 
Indicated  by  2W).  taction  2S,  40-ecra  plot  N.  end  the  aacond  well  (2)  In  that  plot 
(a  letter  a after  the  numeral  would  indicate  a apring). 

bReaidue  after  evaporation  at  18d°C  (366°F). 

cMkromhoaet  26°C  (T/’F). 

d Total  Iron  concentration.  Aiivaluaa  not  noted  rapraaant  iron  in  aolution  at  the  time 
the  aampla  waa  coHaotad. 

Source:  GROUND  WATER  IN  WASHINGTON.  ITS  CHEMICAL  AND  PHYSICAL  QUALITY, 
Water  Smply  Bulletin  No.  24,  Wadilngaon  State  Department  of  Conaarvetlon. 


watershed  western  boundary.  The  great  increaae  in 
population  in  the  south  Kent,  Auburn,  and  Federal 
Way  areaa  will  result  in  a lower  percent^  of  the 
total  basin  population  being  served  by  the  Seattle 
Water  Department  Tacoma  will  probably  serve  this 
rapid  growth  area. 


FIGURE  7-4.  Projected  population  growth. 


PROJECTED  INDUSTRIAL  GROWTH 

Production  growth  as  measured  by  increased 
value  added  is  expected  to  more  than  triple  by  the 
year  2020  as  shown  in  Figure  7-5.  The  primary 
industrial  force  creating  this  growth  is  transporta- 
tion-oriented industry  (chiefly  Hie  Boeing  Company 
and  Pacific  Car  and  Foundry  Company),  which  ii 
predicted  to  grow  steadily  to  the  year  2000,  after 
which  it  is  expected  to  accelerate  through  2020. 

Until  recently,  Lake  Washington  was  suffering  a 
rapid  increase  in  eutrophic  conditions  caused  by 
inflow  of  domestic  sewage.  Present  interception  and 
treatment  of  this  waste  has  reversed  the  action, 
improving  the  condition  of  Lake  Washington,  but  a 
reasonable  amount  of  fresh  water  inflow  must  be  con- 
tinued, or  even  increeaed,  to  prevent  future  water 
quality  degradation.  The  Cedar  River  it  the  chief 
source  of  frerii  water  inflow  for  the  lake.  Any 
increase  in  water  diverted  from  the  Cedar  River  for 
flesh  water  wppUes  will  reduce  the  amount  of  inflow 
to  the  lake.  This  condition  rigidly  restricts  the 
amount  of  wafer  that  can  be  diverted  from  the  Cedar 
Rim  if  witf  auaiitv  it  to  be  miintiined  or  unoromt 

mavws  an  w wws  sewwsssy  sv  sw  ss^nass  swwrew  sre  ssssare  wets 

in  Lake  Washington. 
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FIGURE  7-6  Relative  production  growth  for  major  FIGURE  7-6.  Seattle  Water  Department, 
water-using  industries  and  transportation. 


Industrial 

PROJECTED  WATER  REQUIREMENTS  Industrial  water  use  will  continue  to  account 

for  a lesser  amount  than  municipal  use,  as  it  does 
Demands  for  fresh  water  generated  within  the  now.  Estimates  indicate  that  industrial  requirements 

basin  have  been  estimatd  in  detail.  Table  7-7, 7-8, and  will  increase  by  503  mgd  in  2020  over  as  it  does  now. 

7-9  show  projected  water  needs  for  the  years  1980,  Estimated  indicate  that  idustrial  requirements  will 
2000  and  2020,  respectively.  Table  7-10  is  a summary  increase  by  503  mgd  in  2020  over  those  of  1965 . The 

of  water  requirements  for  these  years  by  use  cate-  single  major  industrial  use  will  be  in  the  transporta- 

gory.  Figure  7-6  shows  Seattle  projected  distribution.  tion  segment  of  the  economy. 

Municipal  Rural-Individual 

Annual  average  per  capita  municipal  water  use  All  significant  information  indicates  that  the 

is  projected  to  range  from  112  gpd  at  present  to  industrial,  commercial,  and  municipal  water  con- 

about  177  gpd  in  1980,  151  gpd  in  2000,  and  148  sumption  will  account  for  the  major  growth  of  water 

gpd  in  2020.  Seattle  gpd’s  are  based  on  figures  in  “A  use,  and  that  they  will  increasingly  assimilate  the 

forecut  of  water  supply  and  demand  to  the  year  small  systems  that  primarily  use  ground  water.  Rural- 

2020”  by  the  city  of  Seattle  Water  Department.  individual  water  use  from  1965  to  2020  will  increase 

about  365  percent,  but  will  represent  less  than  1 per- 
cent of  the  basin  water  use. 
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TABLE  7-7.  Projected  water  use  (1980). 


i wfl 


) 


TABLE  7-8.  Projected  water  use  (2000), 


System 

Estimated 

population 

served 

Surface  water  usage  (mod) 
Average  Maximum 

daily  monthly 

Ground  water  usage  (mod) 
Average  Maximum 

daily  monthly 

MUNICIPAL  USE 

Seattle 

2.079,900 

297.00 

612.00 

— 

Renton 

100,000 

— 

— 

21.00 

29.00 

Auburn 

60,000 

8.40 

11.80 

4.20 

530 

Kant 

40,000 

- 

-- 

8.40 

11.80 

Enumclaw,  Redmond,  Iseaquah, 
Black  Diamond,  Pacific,  and 

other  rural  community  systems 

72.000 

15.00 

21.00 

Subtotal 

2,361,900 

306.40 

623.80 

48.60 

67.70 

RURAL-INDIVIDUAL  USE 

23300 

- 

- 

2.10> 

3.00 

INDUSTRIAL  USE 

Municipally  supplied: 
Seattle: 

Food  and  kindred 

— 

11.50 

1 7.20" 

— 

— 

Chemicals,  metals,  oils 

- 

35.40 

39.00c 

- 

- 

Lumbar  and  wood 

- 

0.80 

030 

- 

- 

Stone,  day,  glass 

— 

0.10 

0.10 

— 

— 

Transportation 

- 

42.00 

46.00c 

- 

--- 

Renton: 

Food  and  kindred 

— 

0.03 

0.04" 

0.03 

0.04® 

Transportation 

— 

- 

— 

8.90 

9.80c 

Kant: 

Food  and  kindred 

— 

— 

— 

0.40 

0.60b 

Chemicals,  metals,  oils 

— 

- 

— 

037 

1.10c 

Auburn: 

Food  and  kindred 

— 

0.06 

0.09** 

0.03 

0.04b 

Transportation 

- 

030 

0.90° 

0.40 

0.40c 

Self-supplied: 

Food  and  kindred 

— 

— 

— 

030 

1.30b 

Chemicals,  metals,  oils 

— 

11930 

131.00? 

- 

- 

Lumbar  and  stood 

— 

2.20 

220 

0.10 

0.10 

Stone,  day,  glass 

2.30 

2.30 

1.80 

1.80 

■ 

mmmm 

Subtotal 

- 

214.19 

239.63 

13.53 

16.18 

Total d 

2,376,000 

519.60 

863.40 

04.  JO 

86.90 

'Based  on  90  gpcd  end  100  percent  of  rural-individual  populetlon  served  by  ground  weter. 
b160  percent  of  overage. 
c110percentof  average. 
d Figures  are  rounded. 
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TABLE  7-9.  Projected  water  use  (2020). 


E (time  tad 

Surface  water 

wrap*  (mad) 

Ground  watar 

u*aq*  (mod) 

Syetam 

population 

aarvad 

Average 

dally 

Maximum 

monthly 

Average 

daily 

Maximum 

monthly 

MUNICIPAL  USE 

Seattle 

3,419,700 

476.00 

1,100.00 

... 

Renton 

160.000 

— 

— 

35.00 

49.00 

Auburn 

90,000 

14.00 

20.00 

7.00 

10.00 

Kant 

80  P00 

— 

14.00 

20.00 

Enumctaw,  Redmond,  laaquah, 
Black  Diamond,  Pacific,  and 

other  rural  community  tyetami 

66.000 

— z: 



14.00 

19.00 

Subtotal 

3,785,700 

489.00 

1,120.00 

70.00 

98.00 

RURAL-INDIVIDUAL  USE 

30,600 

— 

— 

3.30* 

4.50 

INDUSTRIAL  USE 

Municipally  wpplied: 
Seattle: 

Food  and  kindred 

— 

21.00 

31  .BO11 

... 

Chemical*,  mate  1*,  oil* 

— 

87.20 

96.00c 

_ 

Lumbar  and  wood 

— 

040 

0.80 

_ 

Stone,  day,  aiaa 

— 

0.20 

0.20 

_ 

Transportation 

— 

110.00 

145.00* 



. 

Ramon: 

Food  and  kindrad 

— 

0.06 

0.06 

0.09  b 

Tranaportadon 

— 

— 

— 

28.00 

31.00* 

Kant: 

Food  and  kindrad 

— 

— 

— 

0.72 

1.106 

Chemical*,  matab,  oil* 

— 

— 

— 

2.40 

2.80* 

Album: 

Food  and  kindrad 

— 

an 

0.19 

006 

0.0& 

Transportation 

- 

2.80 

200 

1.20 

1.30* 

WaW  ayppHad: 

Food  and  kindrad 

— 

— 

— 

1.68 

2.50b 

Chemical*,  metal*,  oil* 

— 

29300 

32200* 

... 

Lumbar  and  wood 

— 

2.10 

aio 

0.10 

0.10 

Stone,  day,  flaaa 

S£0 

m 

ssa. 

3P0 

Subtotal 

- 

821.97 

009.09 

38.09 

42.68 

Total- 

3,816,300 

1*011.00 

1,72070 

111.40 

145.20 

*Ba«don  110  gped  and  100  paraant  of  rural-individual  population  by  around  water. 
b1S0  per  cam  of  avarae*. 


J *110  percent  of  average. 

dFleuree  are  rounded. 
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TABLE  7-10.  Summary  of  projected  water  needs 


Estimated  Surface  water  usage  (mgd)  Ground  water  usage  (mgd)  Total  usage  (mod) 

population  Average  Maximum  Average  Maximum  Average  Maximum 

Use  Year  served  daily  monthly  daily  monthly  daily  monthly 


Municipal 

• 

Industrial 

1965 

1980 

2000 

2020 

1965 

1,025,220 

1,461.200 

2,351,900 

3,785,700 

93.9 

225.8 

305.4 

489.0 

54.4 

132.8 
345.3 

623.8 
1120.0 

60.9 

13.8 

32.1 

48.6 

70.0 

2.3 

21.2 

45.6 

67.7 
98.0 

2.7 

107.7 

257.9 

354.0 

559.0 

56.7 

154.0 

390.9 

691.5 

1,218.0 

63.6 

1980 

4.9 

5.6 

2000 

— 

214.2 

239.6 

13.5 

16.2 

227.7 

254.8 

2020 

— 

522.0 

606.7 

38.1 

42.7 

540.1 

648.4 

Rural-Individual 

1965 

15,000 

0.1 

0.1 

0.8 

1.0 

0.9 

1.1 

1980 

17,800 

- 

- 

1.2 

1.8 

0.9 

1.1 

j 

2000 

23,800 

- 

“ 

2.1 

3.0 

2.1 

3.0 

2020 

30,600 

- 

- 

3.3 

4.5 

3.3 

4.5 

Totals 

1965 

1,040,220 

148.4 

193.8 

16.9 

24.9 

165.3 

218.7 

1 

1980 

1,479,000 

315.4 

446.7 

38.2 

53.0 

353.6 

498.7 

2000 

2,376,700 

519.6 

863.4 

64.2 

85.9 

583.8 

949.3 

2020 

3,816.300 

1011.0 

1726.7 

111.4 

146.2 

1122.4 

1870.9 

MEANS  TO  SATISFY  NEEDS 


GENERAL 

The  projected  annual  water  use  is  expected  to 
reach  1,460  mgd  by  the  year  2020.  This  is  an  increase 
of  approximately  1,290  mgd  over  the  196S  average 
use.  Optimum  or  peak  water  requirements  will  be 
almost  two  and  one-half  times  this  average  or  nearly 
3,150  mgd.  Tables  2-12  or  2-13,  the  Area  Plans, 
summarize  the  basins’  annual  average  and  optimum 
requirement  in  relation  to  the  remainder  of  the  Area. 
Table  7-11,  M&I  Water  Supply  Needs,  reviews  the 
needs  of  the  major  water  systems  and/or  users  in  the 
basin. 

Approximately  70  percent  of  the  total  basin 
water  needs  in  2020  are  expected  to  be  provided  by 
the  Seattle  Water  Department.  This  system  is  ex- 
pected to  serve  90  percent  of  the  3,816,000  basin 
population,  including  the  present  communities  now 
using  ground  water  systems.  Those  communities  in 
the  extreme  southern  part  of  the  basin,  using  ground 
water,  will,  in  the  future,  be  served  by  the  city  of 
Tacoma.  Figure  7-7  shows  the  Seattle  Water  Depart- 
ments proposed  diversion  and  control  works  demand 
in  relation  to  the  optimum  supply  criteria. 

Because  Seattle  receives  water  from  the  Snoho- 
mish Basin  (Tolt  River),  much  of  the  southeast 
portion  of  the  basin  lies  within  the  logical  Seattle 
service  area.  It  would  be  possible  for  Seattle  to  deliver 
water  directly  to  many  of  these  customers  or  whole- 
sale water  to  local  water  districts  in  these  areas. 

Supply  pipelines  and  supply  reservoirs  through- 
out the  Seattle  water  service  area  will  be  constructed 
and  maintained  by  the  Seattle  Water  Department. 
Water  purveyor  connections  to  the  supply  pipelines 
will  be  permitted  at  any  convenient  location.  How- 
ever, additional  distribution  storage  reservoirs  and 
distribution  pipelines  will  be  needed  in  coming  years. 
Their  size,  location,  elevation  and  routing  will  be  the 
responsibility  of  local  water  purveyors. 

One  of  the  important  water  supply  factors  is 
the  efect  of  industrial  water  use.  The  m^or  trend  is 
encirclement  or  location  of  industry  within  or  near 
the  metropolitan  complexes.  A large  segment  of 
water-using  industry  is  projected  to  locate  at  the 
dwindling  number  of  sites  along  major  water  resources. 


This  results  in  most  cases  in  an  adequate  supply  and 
transmission  of  untreated  industrial  water.  If  this 
water  is  to  be  used  for  municipal  purposes  after  the 
industries  have  developed  it,  the  high  cost  of  the 
treatment  that  would  be  required  would,  in  some 
cases,  make  it  infeasible  to  use  as  a municipal  source. 

BASIN  PLANS 

The  Selected  Basin  Plan,  as  indicated  in  Table 
7-2,  calls  for  the  further  development  of  existing 
facilities.  This  plan  is:  for  Seattle  to  continue,  to  a 
maximum,  the  development  of  the  existing  Tolt  and 
Cedar  River  watersheds,  and  to  develop  new  sources 
on  the  Snoqualmie  and  Skykomish  Rivers.  The 
remaining  communities  are  projected  to  remain  on 
ground  water  sources  through  2020. 

Consideration  should  be  given  to  several  con- 
ditions which  would  make  it  impractical  for  these 
communities  to  remain  on  ground  water  sources. 
They  are:  inadequate  quality  or  municipal  and/or 
industrial  demand  in  excess  of  the  quantity  available. 
In  such  cases  it  may  be  possible  for  Seattle  or  Tacoma 
to  extend  service  areas  to  supply  the  needs  of  these 
communities.  Notably,  Renton,  Kent,  and  the  sur- 
rounding communities  would  be  supplied  by  the 
Seattle  Water  Department  with  the  vicinity  in  and 
around  Auburn  receiving  water  from  the  Water 
Division  of  the  City  of  Tacoma.  (See  Alternative 
Basin  Plan,  Table  7-13). 

The  total  cost  for  the  Basin  Selected  and 
Alternative  Plans  are  $162  and  $169  million, 
respectively.  Supply  and  transmission,  treatment, 
pumping,  and  chemical  costs  plus  basin  revenue  are 
shown  in  the  Selected  Plan,  Table  7-12,  and  the 
Alternative  Plan,  Table  7-13.  Storage  and  distribution 
costs  will  remain  the  same  for  both  plans.  These  costs 
plus  the  overall  development  expenses  of  the  Basin 
are  shown  in  the  Area  Selected  and  Alternative  Plans, 
Tables  2-12  and  2-13,  respectively. 

Surface  and  ground  water  supplies  can  be 
economically  utilized  by  rural-individual  or  small 
community  effort  water  systems,  such  as  wells  and 
small  surface  diversions  and  package  treatment  plants; 
90  percent  of  this  coming  from  ground  water  sources. 
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TABLE  7-11.  M & I tfVatar  Supply— Capital  Improvements 
Cedar-Green  Basins 


M.G.O. 

Present 

Future 

1965 

1965-1980 

1980-2000 

2000-2020 

Population  Served 

887,420 

1,271,000 

2,079,000 

3,419,700 

SEATTLE 

Optimum 

605.8 

876.5 

1,473.1 

2,522.9 

265.8 

270.7 

696.6 

1,049.8 

Population  Served 

38,176 

65,000 

100,000 

150.000 

RENTON 

Optimum 

26.3 

39.3 

75.7 

129.9 

20.0 

13.0 

36.4 

54.2 

Populetion  Served 

17,100 

30,000 

60,000 

90,000 

AUBURN 

Optimum 

11.5 

20.3 

41.0 

63.6 

Capital  Improvements 

8.3 

8.8 

20.7 

22.6 

Population  Served 

10,467 

20,000 

40,000 

60,000 

KENT 

Optimum 

7.4 

14.0 

28.1 

43.3 

Capital  Improvements 

4.4 

6.6 

14.1 

15.2 

Population  Served 

72,068 

85,000 

72,000 

66.000 

SMALL  « RURAL 
COMMUNTIY  SYSTEMS 

Optimum 

47.6 

66.0 

47.5 

43.5 

Capital  Improvements 

31.8 

8.5 

0 

0 

Population  Served 



-■ 

SELF  SUPPLIED  INDUSTRY 

Optimum 

39.9 

60.7 

138.7 

336.6 

Capital  Improvements 

4.2 

20.8 

78.0 

196.9 

Population  Served 

1 025,220 

1,461,000 

2,351,000 

3,785,700 

TOTAL 

Capital  Improvements 

70 

328 

746 

1339 

NOTE:  Figures  are  rounded. 


1 
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The  major  means  are  to  enlarge  the  present  pumping, 
treatment  and  distribution  systems  to  handle  the 
peak  water  demands. 

Table  7-11,  Summary  of  Projected  Water 
Needs,  shows  level  of  need  to  2020  from  all  sources. 

FINANCE 

Annual  income  as  taken  from  Table  2-12  and 
2-13  for  the  Selected  and  Alternative  Plans  indicates 
the  amount  of  money  available  to  apply  for  bond 
service  (approximately  20  percent  of  the  total  annual 
income). 

The  following  figures  indicate  the  monies  avail- 
able for  bond  service  and  the  capital  expenditures 
amortized  for  30  year  at  5%  for  the  Selected  and 
Alternative  Plans. 

Annual  Amortized 


Bond  Service 

Cost  (x  1 ,000) 

Available 

Selected 

Alternative 

.Year 

(x  1,000) 

Plan 

Plan 

1965 

$ 2,900 

S 1,653 

S 1310 

1980 

5,100 

5,610 

6,040 

2000 

8,400 

12,300 

11,700 

2020 

15,500 

20,800 

20,800 

Costs  as  indicated  by  the  Engineering  News 
Record  Index  are  presently  doubling  every  IS  years. 
It  is  projected  that  by  1980  or  sooner  the  Cedar- 
Green  Basin  will  be  unable  to  bond  for  the  required 
water  supply  development,  and  future  construction 
would  involve  extraordinary  and  excessive  financial 
burden  in  relation  to  the  basin's  economic  resources. 

It  appears  to  the  Municipal  and  Industrial  Water 
Supply  Technical  Committee  that  the  Seattle  Water 
Department,  currently  relying  entirely  on  surface 
water,  may  have  to  develop  ground  water  sources  in 
the  Cedar-Green  Basin  to  meet  peak  summer  demands 
and  also  for  standby  service.  Ground  water  as  Table 
7-5  shows  then  could  be  used  to  meet  future  annual 
M&I  Water  needs.  The  feasibility  of  using  ground 
water  is  the  subject  of  future  engineering  studies  but 
an  apparent  12-25%  of  the  basins  future  needs  can  be 
met  from  ground  water. 
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TABLE  7-12-ContimMd 


OPTIMUM 

1967 

THOUSAND  DOLLARS 

Protected 
Annual 
Wtr  Uee 
MGD 

MGD 

AMORTIZED 
CAPITAL  COSTb 

MAINTENANCE 
AND  0PER 

Total 

Annual 

Income 

Plan 

Level 

Source 

Development 

ol 

Dave! 

Supply 

Tranem. 

Supply  A Treat- 

T ranem.  merit 

Iron  Pumping 

Removal  Power  Chem. 

KENT  SELECTED  PLAN  TOTAL 

44 

44 

62,460 

AU9UPN 
Prevent  GW 

Local  Ground  Water  Development 

Ex  let. 

3 

12 

12 

34 

360 

IMS 

OW 

Bmad  Local  Ground  Water  Development 

1970 

S 

6 

400 

18S0 

GW 

Oorclop  Ompd  Local  Ground  Water 

197* 

• 

9 

9 

640 

66 

701 

2000 

GW 

DmMp  2lm(d  Local  around  WaM 

199* 

14 

21 

21 

940 

146 

1.160 

2020 

GW 

Develop  23mpd  Local  Ground  Water 

201* 

2* 

23 

23 

1.600 

2S9 

2,136 

AU9UPN  SE LECTIO  PLAN  TOTAL 

i44 

64 

S 3.420 

SMALL  A PUPAL  COMMUNITY  SYSTEMS 
Pleeenf  GW  Local  Qfaund  Water  O— loprmnf 

Ex  let. 

• 

16.7 

16.7 

166 

1J09 

1SS6 

GW 

32mpd  Local  Ground  Water 

197* 

32 

32 

1120 

tsso 

GW 

S.Ompd  Local  Ground  Water 

1900 

16 

9 

9 

640 

168 

1.999 

2000 

GW 

IS 

160 

1,762 

2090 

GW 

tlo  Additional  Pepulrementt 

14 

147 

1436 

SMALL  A PUPAL  COMMUNITY  SYSTEMS  SELECTED  PLAN  TOTAL 

*7 

*7 

S 2.400 

SELF  SUPPLIED  INOUSTPY 
Ppwnt  SW-GW  Local  Development 

Exiet 

3* 

40 

40 

6,187 

377 

4,206 

isoo 

SW-GW  Local  Oemlopmont 

1970 

SO 

21 

21 

2.704 

964 

4409 

2000 

SW-GW  Local  Or  .Moment 

1990 

126 

79 

78 

10,140 

1.328 

10,349 

2090 

SW-GW  LwcW  Development 

2010 

306 

197 

197 

22.007 

1211 

22,339 

SELF  SUPPLIEO  INOUSTPY  SELECTED  PLAN  TOTAL 

336 

336 

*40.11* 

SELECTED  SASIN  PLAN  TOTAL 

S 162,009 

* iwMNde.eiepmeni. 
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TABLE  7-13.  M & I Water  Supply  Uaa  Ptewntof  Praaant  to  yaar  2020  Alternate  BaPn  Plan  Cadar-Graan  Baaina 


OPTIMUM 

CAPACITY 


GW  Loca 

tW  •»] 


RENTON  ALTERNATIVE  PLAN  TOTAL 
KCNT 

PwM  GW  LaeBGteundWMrOp 

1800  «8W  lOaMtteMiWBrO. 


KENT  ALT  I AN  ATI  VI  PLAN  TOTAL 
AUSUPN 


1880  SW  AfcwX  Ww  ON— City  of  Tacoma 
1«0  SW  O—McpOmort  WMte  DN-Cfty  of  Tbcc 

2000  aw  BonoM  21iw§0  Win  DN-CNy  of  Tw 

2000  9ft  Otetelpp  TTwpl  WOMi  DN-Crty  of  Tan 

AUOUPN  ALTERNATIVE  PLAN  TOTAL 

MALL  * PUPAL  COMMUNITY  SYSTIMO 


aw  «i 
aw  Hi 


mall  * PUPAL  COMMUNITY  BYaTIMa  ALT!  PN  ATI  VS  PLAN  TOTAL 
aiLP  aUPPLIIO  INOUOTPY 


•aawm  m ono*  of  t«m 
aiLP  aupfuio  inoustpy  altipnativs  plan  total 


knnutf 
Y«r  Uaa 
MOD 

*•!*» 

Tranon 

Wtyk 

a 

a 

a 

38 

as 

3.400 

13 

13 

is 

800 

30 

38 

as 

2.100 

as 

as 

as 

1300 

131 

131 

810.700 

3 

3 

3 

a 

8 

1.000 

4 

7 

7 

420 

10 

14 

14 

840 

1? 

is 

IS 

800 

47 

47 

83,100 

3 

3 

3 

a 

a 

1/400 

a 

a 

a 

840 

14 

21 

21 

840 

jo 

23 

23 

1J80 

84 

84 

84.340 

is 

IS 

IS 

32 

32 

4.180 

is 

S 

S 

840 

is 

4 

41 

41 

84.880 

38 

38 

as 

8.187 

88 

21 

21 

2.704 

138 

78 

78 

10.140 

SOS 

188 

188 

22,087 

338 

338 

8 40.118 

ias7 

THQUSANO  OOLLAPI 

AMORTIZED  MAINTENANCE 

APITAL  COST**  AND  OPE R 

t A Tml-  Iron  PompWif 

m.  moot  Removal  Power  Cham. 


32 

1 

310 

138 

8 

7M 

318 

12 

1.782 

M3 

28 

3471 

11 

117 

48 

234 

103 

884 

180 

883 

34 

1 

380 

M 

2 

380 

148 

8 

818 

2M 

11 

1.838 

108 

8 

1.782 

1M 

8 

834 

1M 

8 

878 

147 

8 

234 

377 

4.208 

884 

3,270 

(No  PomWN  ANsmaNnI 
■AWN  ALTERNATIVE  PLAN  TOTAL 
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PUYALLUP  BASIN 

INTRODUCTION 


The  Puyallno  Basin,  Figure  8-1 , bounded  on  the 
east  by  Moun  .inier  and  on  the  west  by  Puget 
Sound,  is  located  between  the  Cedar-Green  and 
Nisqually-Deschutes  Basins  in  the  southwestern  por- 
tion of  the  Puget  Sound  Area.  Occupying  about 
1,254  square  miles  in  Pierce  and  southern  King 
counties,  the  basin  encompasses  the  expanding 
urban-industrial  center  of  Tacoma  and  the  agriculture 
areas  of  Puyallup,  Sumner,  and  surrounding  com- 
munities. 

The  population  and  industry  of  the  basin  are 
protected  to  increase  rapidly  in  the  future,  and  the 
demand  for  municipal  and  industrial  water  supplies  is 
expected  to  increase  commensurate  with  this  growth. 
Projections  indicate  that  by  the  year  2020,  water 
requirements  may  reach  550  million  gallons  per  day. 
Present  requirements  are  100  million  gallons  per  day. 
Although  presently  developed  sources  are  capable  of 
supplying  present  and  immediate  future  demands, 
they  will  be  unable  to  supply  future  demands  of  the 
magnitude  indicated  unless  supplemented  by  addi- 
tional facilities. 

GEOGRAPHY 

Rugged  foothills,  valleys,  and  streams,  all 
radiating  from  Mount  Rainier,  occupy  the  greater 
part  of  the  area  and  provide  sharp  contrasts  in 
landscape  to  set  the  Puyallup  Basin  apart  from  any 
other  basin  in  the  Puget  Sound  Area.  The  eastern 
portion  of  the  basin,  a nigged,  heavily  forested, 
mountainous  portion  of  the  Cascade  Range,  is  the 
source  and  watershed  area  for  the  Puyallup  River  and 
its  tributaries.  Mowich  Lake  and  numerous  smaller 
alpine  lakes  lie  in  the  high  mountain  cirques.  A aeries 
of  low  foothills  and  upland  plateaus,  separated  by 
ridges  and  the  deep  canyon  through  which  the  riven 
carve  their  way  to  Puget  Sound,  typify  the  central 
portion  of  the  Basin.  Lowland  plateaus  and  rolling 
foothills,  dotted  with  lakes  and  separated  by  the 
broad,  fertile  river  valleys,  extend  from  the  midland 
area  to  the  shores  of  Puget  Sound. 

The  Puyallup  River  and  its  tributary  rivers,  the 
White,  Carbon,  and  Mowich,  drain  more  than  972 


square  miles  and  comprise  the  largest  and  most 
important  drainage  system  in  the  basin. 

From  its  source  glacier  on  the  southwestern 
slope  of  Mount  Rainier,  the  Puyallup  River  flows 
some  46  miles  as  it  drops  6,000  feet  to  empty  into 
Commencement  Bay  at  Tacoma.  The  White  River 
(termed  “Stuck  River”  below  Auburn),  principal  trib- 
utary of  the  Puyallup,  originates  from  Emmons 
Glacier  and  drains  a 494  square  mile  area  along  the 
eastern  and  northern  perimeters  of  the  basin  before 
joining  the  Puyallup  River  at  Sumner.  The  mountain- 
ous area  between  the  White  and  Puyallup  rivers  is 
drained  by  the  Carbon  River,  Mowich  River,  and 
several  smaller  streams. 

Numerous  small  creeks  drain  the  lower  western 
slopes  and  some  of  the  lowland  lakes.  Chambers 
Creek  and  its  tributaries,  largest  of  the  small  stream 
systems,  drains  about  104  square  miles  of  this  area 
and  carries  the  outflow  from  Steilacoom  Lake  to 
Puget  Sound. 

CLIMATE 

The  Puyallup  Basin  experiences  a typical  mari- 
time climate  of  mild,  wet  winters  and  relatively  cool, 
dry  summers.  Total  annual  precipitation  in  the  basin, 
about  75  percent  of  which  falls  during  October 
through  March,  ranges  from  37  inches  near  Tacoma 
to  140  inches  on  Mount  Rainier.  The  average  lowland 
temperatures  vary  from  about  3.3°  C (3if  F)  in  mid- 
winter to  about  18.3°C  (65°F)  in  midsummer.  Mild 
sea  breezes  from  Puget  Sound  temper  the  hot  periods 
so  that  air  temperature  exceeds  32°C  (90°  F)  only  3 
to  5 days  a year. 

POPULATION 

A 1965  estimate  indicated  that  about  345,200 
people  live  within  the  Basir..  About  half  of  these 
1 58,000  live  in  Tacoma,  third  largest  city  in  the  state. 
Most  of  the  remaining  population  is  scattered  in  and 
about  numerous  small  communities  in  the  Puyallup 
and  White  River  valleys  and  adjacent  to  Puget  Sound. 
The  nigged  eastern  sector  remains  void  of  concen- 
trated settlement. 
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ECONOMY 

An  industrial  complex  along  the  14-mile  shore- 
line of  Commencement  Bay  employs  more  than 
18,000  persons  in  a wide  array  of  manufacturing 
concerns,  and  provides  a major  contribution  to  basin 
economy.  More  than  S00  industries  are  located  in  this 
area,  including  lumber,  pulp,  and  paper  mills;  furni- 
ture manufacturing  plants;  plywood  factories;  and 
food  processing  plants.  Here  also  is  the  largest  copper 
smelter  on  the  Pacific  Coast,  a new  electrochemical 
and  metallurgical  industrial  center,  and  a diversified 
shipbuilding  industry.  The  backbone  of  basin 
economy,  however,  continues  to  be  the  forest 
products  industry.  Harvesting  of  timber  in  Pierce 
County  has  increased  over  100  percent  since  1954. 

Food  and  kindred  products  represent  the  sec- 
ond largest  category  of  manufacturing  and  also 
account  for  a significant  portion  of  basin  income.  The 
ever-expanding  Boeing  Company,  both  in  Seattle  and 
in  Southern  King  County,  has  created  a climate  of 
economic  growth.  This  growing  economy  has  brought 
many  smaller  industries  to  locate  in  the  northern 
portion  of  the  basin.  The  continuing  expansion  of 
Boeing  will  increasingly  have  a favorable  economic 
effect  on  the  northern  and  central  portions  of  the 
basin. 

A mild  climate  and  fertile  soil  make  the  15-mile 
Puyallup  valley  the  richest  farming  area  of  the  Basin. 
Truck  gardening,  berry  production,  and  a million- 
dollar  flower  industry,  provide  a significant  and 
growing  income  to  the  Basin  economy.  The  value  of 
agricultural  activities  in  Pierce  County  alone  has  risen 
from  20.6  million  dollars  in  1959  to  24.1  million 
dollars  in  1964. 

Although  the  economy  presently  depends 
primarily  on  trade  and  manufacturing,  employment 
history  shows  that  the  basin  is  row  becoming  more 
dependent  on  nonmanufacturing  activities,  with 
governmental  employment  showing  the  greatest 
upward  trend  since  1948.  Manufacturing  employment 
hu  tended  to  remain  static  with  very  little  fluctua- 


tion over  the  past  20  years.  The  average  monthly 
employment  for  Pierce  County  in  1965  showed: 


Agriculture 

2,000 

Mining 

157 

Construction 

4,524 

Manufacturing 

Transportation 

18,194 

(commercial  and  utilities) 

3,658 

Trade  (wholesale  and  retail) 
Finance,  insurance,  and  real 

19,040 

estate 

4,288 

Service 

7,797 

Government 

9,078 

Not  classified 

591 

LAND  USE 

Land  use  in  the  basin  varies  from  intense 

residential  and  industrial  centers  in  Tacoma,  through 
agricultural  land  in  the  Puyallup  and  Stuck  River 
valleys,  to  woodland  in  the  eastern  foothills,  where 
most  of  the  area  is  presently  covered  by  second- 
growth  timber.  Woodland  predominates,  accounting 
for  84  percent  of  the  total  acreage.  Most  of  this 
acreage  lies  in  federally  owned  or  administered  Mount 
Rainier  National  Park  or  Snoqualmie  National  Forest, 

respectively.  Table  8-1  summarizes 
basin. 

land  use  in  the 

TABLE  8-1.  General  land  use. 

Use 

Acres 

Forestland 

563,000 

Urban  buildup 

97,000 

Cropland 

37000 

Inland  water 

11.000 

Other  land 

26.000 

Rangeland 

6,000 

Total  land  and  inland  water 

770000 

PRESENT  STATUS 


WATER  USE 

Nearly  100  million  gallons  of  fresh  water,  about 
two-thirds  of  which  is  provided  by  surface  sources,  is 
supplied  each  day  to  Puyallup  Basin  consumers. 
Municipal  and  industrial  suppliers,  drawing  from  both 


surface  and  ground  sources,  supply  approximately 
344,455  persons  and  numerous  industries  with  about 
100  mgd.  Figure  8-2  shows  municipal  and  industrial 
water  use  in  Tacoma,  largest  water  user  in  the  basin. 
The  remaining  4 mgd  is  supplied  to  rural  and 
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FIGURE  8-2.  City  of  Tacoma  municipal  and 
industrial  water  use. 


individual  consumers  from  individual  wells  or  mail 
community  distribution  systems.  In  addition,  salt 
water  drawn  from  Puget  Sound  is  used  by  some 
industries  for  purposes  not  sffacted  by  salinity.  Fresh 
water  consumption  statistics  for  the  Puyallup  Basin 
are  provided  in  Table  8-2;  salt  water  consumption 
statistics  are  not  presently  available. 

Municipal 

Water  used  primarily  for  municipal  purposes 
currently  exceeds  40  mgd  in  the  basin,  and  accounts 
for  approximately  40  percent  of  the  total  basin  water 
consumption.  The  344,000  people  living  in  metro- 
politan areas,  cities,  and  towns  exert  an  average  per 
capita  demand  of  1 28  gpd. 

The  city  of  Tacoma  uses  about  SO  percent  of 
the  Basin  municipal  water  supply,  or  22.4  mgd.  In 
1965  its  158,000  residents  used  an  average  of  142 
Sped- 

The  Lakewood  Water  District  south  of  Tacoma, 
second  largest  municipal  user  in  the  basin,  uses  3 
million  gallons  daily,  or  7$  gped. 


PHOTO  8-1.  Tacoma  Water  Department  supplies 
nearly  three-fourths  of  all  municipal  water  used  in  the 
basin. 


Puyallup,  Sumner,  Buckley,  and  Orting  to- 
gether use  more  than  3 million  gallons  daily,  or  120 
gped.  The  city  of  Puyallup  is  the  largest  user  of  the 
group,  and  averages  1 .8  mgd. 

Industrial 

Water  used  for  industrial  purposes  averages 
more  than  56  mgd,  about  58  percent  of  the  total 
water  consumed  in  the  Basin. 

Surface  waters  supply  more  than. 85  percent  of 
the  water  used  by  industry.  The  St.  Regis  Paper 
Company  alone  used  an  average  of  30.5  mgd  in  1965, 
almost  54  percent  of  the  daily  water  used  by  all 
industry  in  the  basin. 

The  remaining  industrial  water  users  consist 
mainly  of  vegetable  and  fruit  processing  plants 
located  in  Puyallup  and  Sumner. 

Tacoma’s  monthly  demand  profile  it  shown  in 
Figure  8-3.  During  the  summer  months,  municipal 
consumption  runs  130  to  165  percent  of  the  annual 
average  water  use.  Industrial  water  use  reaches  a peak 
in  August,  120  percent  of  the  annual  average.  The 
total  system  profile  shows  the  use  to  be  greatest  in 
late  summer  and  fall.  The  leveling  trend  of  the  total 
demand  profile  is  the  result  of  large  relatively 
constant  industrial  water  use. 

Rural-lndividtiai 

Approximately  745  rural-individual  and  small 
community  consumers  use  approximately  0.05  mgd, 
about  .05  percent  of  the  total  water  used  in  the  basin. 

WATER  SUPPLIES 

Water  is  supplied  to  Puyallup  basin  consumers 
from  the  Green  River,  located  in  the  adjacent  basin  to 
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TABLE  8-2.  Water  um  (1965). 


Estimated 

Surface  water  usaoa 

(mod) 

Ground  water  usaoa  (mod) 

System 

population 

sarvod 

Average 

daily 

Maximum 

monthly 

Maximum 

daily 

Average 

daily 

Maximum 

monthly 

Maximum 

daily 

MUNICIPAL  USE 
Tacoma 

168,000 

20.40 

26.80 

32.80 

1.97 

60.00 

65.00 

Fort  Lewis 

80,000 

— 

— 

— 

8.00 

15.00 

19.70 

Lakewood  Water  District 

40,000 

a- 

— 

— 

3.00 

6.00 

10.00 

Puyallup 

15,000 

w 

— 

— 

1.80 

5.50 

9.30 

Parkland  Light  and  Water  Co. 

12.000 

w 

— 

— 

005 

107 

2.05 

Southeast  Tacoma  Mutual  Water  Co. 

7,800 

— 

— 

0.50 

0.76 

1.50 

Buckley 

6,000 

0.60 

0.80 

1.00 

~ 

— 

— 

Milton 

4,800 

— 

— 

0.44 

0.83 

1.32 

Fir  crest 

4,360 

— 

— 

— 

0.25 

0.50 

1.00 

Sumner 

4,000 

<— 

— 

— 

0.65 

0.82 

1.00 

Bonney  Lake 

1,800 

— 

— 

— 

0.16 

0.35 

0.40 

Steilacoom 

1,670 

— 

— 

— 

0.20 

0.60 

1.00 

Orting 

1,600 

— 

— 

— 

0.07 

0.12 

0.15 

Wilkeeon  W.  D. 

060 

— 

— 

— 

0.09 

0.13 

0.16 

Other  rural  community  sysla  ms 

27,686 

0.67 

1.29 

1.61 

4,31 

6.62 

8.75 

Subtotal 

344,466 

21.70 

28.90 

36.40 

22.40 

98.30 

113.30 

RURAL-INDIVIDUAL  USE 

746 

0.01 

0.02 

0.02 

0.04 

0.06 

0.08 

INDUSTRIAL  USE 

Municipally  supplied: 
Tacoma: 

Paper  and  allied 

28.60 

31.90 

33.30 

3.20 

3.50 

3.70 

Food  and  kindred 

1.60 

2.00 

2.50 

0.20 

0.30 

0.30 

Chemicals 

6.10 

7.38 

9.00 

0.60 

0.82 

1.00 

Primary  metals 

3.16 

3.46 

5.05 

0.34 

0.46 

0.55 

Lumber  and  wood 

1.54 

2.23 

2.70 

0.17 

0.25 

0.30 

Stone,  day,  glass 

0.17 

0.36 

0.33 

0.02 

0.04 

0.07 

Other 

0.92 

1.50 

2.00 

0.10 

0.16 

0.25 

Puyallup: 

Food  and  kindred 

0.01 

0.02 

0.03 

Stone,  cloy,  glass 

— 

— 

0.12 

0.16 

0.20 

Sumnar 
Paper  and  allied 

_ 

_ 

0.14 

0.60 

1.04 

Stone,  day.  glass 

— 

— 

— 

0.08 

0.08 

0.08 

Saif -supplied: 

Paper  and  allied  (Chambers  Cr.) 

0.30 

0.40 

0.50 

5.20 

5.30 

5.50 

Paper  and  allied  (Sumner) 

_ 

_ 

— 

0.92 

1.00 

1.10 

Primary  metals  (Kaiser  Al.) 

— 

— 

— 

290 

3.00 

3.10 

Stone,  day,  glass 

0.09 

0.11 

0.13 

0.30 

0.40 

0.53 

Food  and  kindred  (Sumner) 

_ 



-- 

0.33 

0.34 

0.34 

Subtotal 

41.48 

49.33 

6601 

14.63 

16.41 

18.09 

Total 

346,200 

63.16 

78.24 

91.24 

37.06 

11491 

139.49 

b Eitimied  population  served  It  not  the  population  of  tht  incorporated  area  of  the  city  but  it  that  population  (turn  of 
permanent  and  seasonal)  from  Table  2-7  which  determinet  the  "average  rating"  for  each  basin.  This  population  hat  been 
included  in  the  netrttt  municipal  system  since  the  municipality  it  often  the  water  supplier  for  the  smaller  adjoining  water 
distribution  system. 


the  north;  from  the  Puyallup  River  and  its  tributaries; 
from  numerous  creeks  and  small  streams;  and,  to  a 
lesser  degree,  from  wells  and  springs.  Puget  Sound  is 
also  a source  of  supply  for  industries  able  to  use  salt 
water. 

Surface  sources  supply  about  70  percent  of  the 
water  for  municipal,  industrial,  and  domestic  uses  in 
the  basin.  Nearly  69  percent  of  this  is  supplied  by  a 
trans-basin  diversion  from  the  Green  River;  the 


remaining  1 percent  is  drawn  from  basin  streams. 
Ground  water,  taken  mostly  from  wells  in  the 
Tacoma  area,  supplies  about  30  percent  of  the  water 
used  in  the  basin.  Basin  water  consumption  figures 
are  provided  in  table  8-2. 

Municipal 

The  Green  River  supplies  about  90  percent  of 
the  water  to  the  Tacoma  area.  Water  is  diverted  at 
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used  during  peak  uie  periods  and  during  times  when 
the  Green  River  supply  is  un useable  because  of  high 
turbidity.  About  10  percent  of  the  city’s  annual 
water  consumption  is  obtained  from  these  wells. 

The  Lakewood  Water  District  south  of  Tacoma, 
second  largest  municipal  supplier  in  the  basin,  pro- 
vides approximately  40,000  persons  with  an  average  3 
n*d  from  a system  of  22  wells.  The  remaining  cities, 
towns,  and  water  districts  in  the  Basin,  with  the 
exception  of  Buckley  which  obtains  its  water  supply 
from  South  Prairie  Creek,  rely  primarily  on  springs 
and  small  wells  to  serve  a combined  population  of 
about  SS.000. 

Industrial 

About  75  percent  of  all  water  supplied  to 
industrial  users  in  the  Puyallup  Basin  is  provided  from 
Green  River  through  the  Tacoma  municipal  water 
system.  About  50  industrial  plants  in  the  Tacoma 
area  are  supplied  by  some  75  privately  owned  wells. 
In  addition,  some  industries  draw  water  from  the 
Puyallup  River  and  other  smaller  streams  to  supple- 
ment that  obtained  from  wells  or  municipal  supplies. 
Salt  water  from  Puget  Sound  is  also  used  by  several 
industries  for  cooling  and  other  gross  purposes. 

Rural-Individual 

An  estimated  745  persons  are  supplied  about 
0.05  million  gallons  daily  by  rural-individual  systems, 
more  than  80  percent  of  which  draw  from  ground 
water  sources. 


Palmer  and  flows  through  a 26-mile  gravity  line  to  the 
McMillan  Reservoir  south  of  Puyallup  from  where  it 
is  diverted  to  Tacoma  as  needed.  Tacoma  maintains 
close  control  over  the  Green  River  watershed  to 
ensure  a continued  supply  of  quality  water.  Although 
Tacoma  owns  less  than  10  percent  of  the  watershed 
area,  they  do  own  the  river  frontage  in  the  watershed 
approximately  26  miles  upstream  from  the  diversion 
facilities  and  have  additionally  negotiated  agreements 
with  other  major  landowners  to  insure  controlled 
entry  into  the  area. 

In  addition  to  the  Green  River  source,  Tacoma 
owns  a system  of  14  wells  capable  of  providing  65.6 
mgd  that  acts  as  an  auxiliary  supply.  The  welb  are 


WATER  RIGHTS 


The  Puyallup  River  Basin  has  a total  of  962 
recorded  water-rights;  of  these  589  are  surface  and 
373  are  ground  (1966-1967).  Recorded  prime  rights 
appropriations  allow  a total  rate  of  diversion  of  621 
mgd  in  the  basin. 

Power  generation  with  recorded  rights  of  9 mgd 
and  claims  made  to  vested-rights  by  the  Puget  Sound 
Power  & Light  Company  for  1 ,550  mgd  is  the  largest 
surface  water  use  in  the  basin.  Municipal  supply  is 
also  a major  use  with  468  mgd  being  allocated  for  this 
purpose.  Single  and  community  domestic  uses  have 
rights  to  divert  54  mgd.  Significant  quantities  totaling 
121  mgd  may  also  be  diverted  as  follows:  fish 
propagation,  45  mgd;  irrigation,  36  mgd; commercial 
and  industrial,  19  mgd;  recreation  and  beautification, 
13  mgd;  and  mining,  8 mgd.  Reservoir  storage  rights 
allow  a retention  of  51,671  acre-feet  in  this  area. 


Pending  applications  indicate  an  additional  17 
mgd  were  under  consideration  for  development  in 
this  area. 

A total  of  1 1 streams  have  been  closed  to 
further  consumptive  appropriation,  and  many  diver- 
sions are  subject  to  low-flow  restrictions. 

About  30  percent  of  the  total  ground  water  in 
the  entire  Puget  Sound  Area  (287  mgd)  is  withdrawn 
in  the  Puyallup  Basin.  In  addition  to  the  above 
quantities,  37  mgd  have  been  granted  under  supple- 
mental rights,  mostly  to  municipal  systems  of 
Tacoma  and  Lakewood.  Pending  applications  indicate 
potential  additional  withdrawals  totaling  8 mgd. 

Municipal  supply  accounts  for  40  percent  of 
the  appropriated  prime  right  quantity  or  1 19  mgd.  Of 
equal  importance  are  withdrawals  for  individual  and 
community  domestic  supplies  with  issued  rights 
totaling  102  mgd.  Commercial,  industrial  and  irri- 
gation account  for  67  mgd  and  36  mgd,  respectively. 

The  city  of  Tacoma  has  perfected  rights  of  26 


wells  with  capacities  exceeding  1 .4  mgd,  one  of  which 
produces  as  much  as  13.7  mgd.  Average  production, 
however,  per  recorded  wells  in  this  area  approximates 
0.7  mgd.  Table  8-3  shows  water  rights  in  the  Puyallup 
Basin. 


TABLE  8-3.  Municipal  & Industrial  water  rights. 


Type 

Muni- 

cipal 

(mgd) 

Indi- 
vidual 
and 
com- 
munity 
domes- 
tic (mgd) 

Indus- 

trial 

and 

com- 

mercial 

(mgd) 

Surface  water 

468.6 

54.4 

25.8 

Ground  water 

118.6 

101.6 

67.2 

Total3 

587.2 

156.0 

93.0 

aAbout  64  mgd  in  additional  appropriative  rights  have 
been  granted  for  other  consumptive  uses  in  the 
basin. 


WATER  RESOURCES 


SURFACE  WATER 
Quantity  Available 

Streams.  Stream-flow  contributions  from  98 
percent  of  the  Puyallup  River  system  have  been 
measured  at  a gaging  station  on  the  river  near 
Puyallup.  During  the  period  1931-1960,  the  mean 
annual  discharge  at  this  station  averaged  3,432  cfs. 
Records  on  the  main  stem  of  the  Puyallup  River  near 
Orting,  which  include  the  Mowich  River  tributary, 
indicate  that  the  mean  annual  discharge  from  the 
western  foothills  and  slopes  of  Mount  Rainier  is 
about  631  cfs.  Discharge  records  from  the  Carbon 
River,  measured  at  the  gaging  station  near  Fairfax, 
show  a mean  annual  discharge  of  426  cfs.  Runoff 
data  from  nearly  half  the  White  River  basin  were 
obtained  at  a gaging  station  on  the  White  River  near 
Buckley.  During  the  30-year  reference  period,  the 
mean  annual  discharge  averaged  1,490  cfs.  Many 
small  creeks  drain  directly  into  Puget  Sound  and 
Commencement  Bay.  The  largest  is  Chambers  Creek, 
with  an  annual  average  discharge  of  120  cfs. 

Stream  flows  are  highest  during  early  summer 
because  of  snow  melt  and  are  low  during  the  late 
summer  months.  The  Puyallup  River  system  is  charac- 
terized by:  (1)  a summer  base  flow  of  about  1,600 


cfs;  (2)  a series  of  highs  and  lows  superimposed  on 
the  base  flow  from  October  to  March  and  reaching  a 
peak  in  December,  then  decreasing  as  a result  of 
reduced  rainfall;  and  (3)  an  increase  in  stream  flow  to 
about  5,300  cfs  by  mid-June  caused  by  rising  temper- 
atures and  snow  melt.  Following  the  snow  melt  peak, 
stream  flow  returns  to  minimum  base  flow  as  snow- 
packs  are  depleted.  Runoff  is  then  sustained  by 
ground  water  and  glacial  melting. 

A low-flow  frequency  analysis  based  on  an 
18-year  period  from  April  1,  1946,  to  March  31, 
1964,  has  been  made  for  12  stations  within  the  basin. 
The  7-day  and  30-day  flows  that  may  be  expected  to 
occur  at  five  of  these  river  stations  for  recurrence 
intervals  of  5,  10,  and  20  years  are  shown  in  table 
8-5. 

Dams  and  Impoundments.  Two  principal  reser- 
voirs are  located  in  the  basin.  Mud  Mountain  Dam  on 
the  White  River,  used  only  for  flood  control,  provides 
106,000  acre-feet  of  storage.  A few  miles  downstream 
near  Buckley,  a timber  dam  diverts  much  of  the  flow 
through  a 14-mile  series  of  flumes  and  canals  to  Lake 
Tapps,  a 44,000  acre-feet  offstream  reservoir.  Dis- 
charge from  Lake  Tapps  is  used  to  generate  power  for 
the  Puget  Sound  Power  and  Light  Company  plant  at 
Dieringer. 
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Part  of  the  Puyallup  River  flow  is  diverted 
through  the  Electron  power  plant,  23  miles  southeast 
of  Tacoma.  The  diversion  dam,  14  miles  upstream 
from  the  powerhouse,  creates  a small  reservoir  of  1 20 
acre-feet. 

Lakes.  The  total  amount  of  storage  in  lakes  and 
glaciers  of  the  basin  is  not  known,  but  surface  areas 
can  be  uaed  to  provide  at  least  a comparative 
indication  of  the  amount  of  water  that  is  stored.  The 
total  surface  area  of  lakes  is  10.S  square  miles,  of 
which  5.9  square  miles  consists  of  reservoirs.  Glaciers 
in  the  basin  are  on  Mount  Rainier,  and  their  surface 
area  is  about  24.7  square  miles.  Lakes  in  the  basin  do 
not  presently  contribute  substantially  as  a principal 
or  industrial  water  supply. 


Quality 

A number  of  the  water  quality  characteristics 
of  the  Puyallup  River  and  its  significant  tributaries 
and  the  Chambers  Creek  system,  have  been  measured 
since  October  1960  and  are  shown  in  Table  8-4. 

The  data  in  table  8-4  indicate  that  glacier  fed 
streams  are  commonly  turbid  and  colored  but  are 
otherwise  excellent  in  quality.  Those  streams  flowing 
directly  into  Puget  Sound  are  generally  affected  by 
local  land  use  and  drainage  resulting  in  increased 
coliform  concentrations,  but  with  no  apparent  ad- 
verse effect  on  their  chemical  quality.  The  following 
detailed  discussion  of  water  quality  characteristics  in 
the  basin  is  based  on  data  gathered  from  the 
monitoring  stations  listed  in  Table  8-5.  Refer  to 


TABLE  8-4.  Surface  water  quality  (page  1 of  2). 
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TABLE  8-4.  Surface  water  quality  (page  2 of  2) 


CLOVER  CREEK  NEAR  PARKLAND 

OCTOBER  1962  THROUGH  SEPTEMBER  1964 
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000 
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LEACH  CREEK  NEAR  STEILACOOM 

OCTOBER  1962  THROUGH  SEPTEMBER  1965 
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KAr0WSIN  CREEK  NEAR  KAPQWSIN FEBRUARY  1955  AND  SEPTEV&*.rt  1955 


Maximum 

746 

51 

48 

1.4 

3.4 

09 

28 

_ 

1.5 

20 

03 

1.6 

53 

160 

008 

006 

67 
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— 

50 

4 1 

1.3 

32 

09 

23 

— 
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0 3 
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48 
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_ 

__ 
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6 
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02 
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- 

- 
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- 
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PUYALLUP  RIVER  NEAR  0RTING 

JULY  1959  THROUGH  MARCH  1966 
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CARBON  RIVER  NEAR  FAIRFAX 

FEBRUARY  1955  THROUGH  AUGUST  1964 
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7 

7 

7 
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7 

Appendix  XIII  for  a map  showing  the  location  of  the 
stations. 

Physical.  Average  dissolved  oxygen  concentra- 
tions in  the  Puyallup  River  and  its  tributaries  are 
high,  ranging  from  10.8  mg/1  to  1 1 .6  mg/1.  The  lowest 
a*NmuiT  dissolved  oxygen  recorded  for  this  river 
•ywrtn  was  8.4  mg/I  on  the  White  River  near  Sumner. 
1h>  only  evidence  of  any  oxygen  deficit  in  the  basin 
• m the  Chanters  Creek  area,  where  the  minimum 
n»4»vd  oxygen  content  in  Flett  Creek  dropped  to  a 
ha  <4  4.5  a«/l. 

Mw  dhanhad  oxygen  concentration  in  the 
ih  ’ mgfl  at  Xfc  |6gP  F) ) throughout  the 


year  except  for  slight  variations  caused  by  specific 
changes  in  climatic  and  geologic  conditions.  In  the 
Chambers  Creek  area,  the  dissolved  oxygen  concen- 
trations are  also  at  saturation  levels,  except  for  Flett 
Creek,  where  the  percentage  of  saturation  is  generally 
less  than  100  percent  because  of  the  higher  temper- 
atures of  its  ground  water  sources  and  the  adjacent 
land  uses. 

The  temperature  of  the  Puyallup  River  and  its 
tributary,  the  Carbon,  is  relatively  low,  normally  less 
than  life  (frf  F)  during  the  warmest  months,  and 
reflects  their  glacial  origins.  The  Puyallup  warms  up 
downstream,  and  has  reached  a recorded  high  of 
18.3°C  (65°  F).  The  increase  in  temperature  during 
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TABLE  8-5.  Low-flow  frequency. 


Station 

Recur- 

rence 

interval 

(years) 

7-day 

low 

flow 

icfs) 

30-day 

low 

flow 

icfs) 

Puyallup  River  at  Puyallup 

5 

1.010 

1,260 

10 

910 

1,150 

20 

820 

1,050 

Puyallup  River  near  Orting 

5 

210 

285 

10 

188 

260 

20 

170 

240 

Carbon  River  near  Fairfax 

S 

110 

133 

10 

98 

118 

20 

89 

105 

White  River  near  Buckley 

5 

390 

500 

10 

340 

440 

20 

300 

400 

Chambers  Creek  below  Leach 

5 

34 

38 

Creek  near  Steilacoom 

10 

32 

35 

20 

31 

33 

the  summer  is  probably  caused  by  the  contribution  of 
warm  water  from  the  White  River,  which  has  attained 
a temperature  of  26.(f  C {Tf  F)  near  Sumner. 

The  warmest  stream  temperatures  usually  occur 
near  Lake  Steilacoom,  where  maximums  of  24.(f  C 
(75°  F)  on  Chambers  Creek  and  2L&  C (7 (f  F)  on 
Clover  Creek  have  been  recorded.  Flett  Creek,  at 
Tacoma,  has  reached  a temperature  of  more  than 
21.1°  C (70°  F).  Temperatures  on  Chambers  Creek 
near  its  outlet  at  Steilacoom  have  reached  a maxi- 
mum of  1 7.-f  C (63°  F). 

The  glacier-fed  Puyallup  River  and  its  tribu- 
taries are  extremely  turbid  (Photo  8-2)  during  most 
of  the  year,  with  minimum  turbidity  occuring  during 
the  winter  when  glacial  melt  is  at  a minimum. 
Turbidities  for  the  Puyallup  River,  White  River,  and 
Carbon  River  are  less  than  IS  JTU,  and  S JTU, 
respectively.  Maximum  turbidity  of  these  streams 
ranges  from  230  to  500  JTU. 

As  indicated  by  the  high  turbidity  levels  of  the 
Puyallup  River  system,  stream-borne  sediment  in  this 
system  exceeds  desirable  limits  throughout  most  of 
each  year.  Sediment  concentrations  of  10  to  60,000 
mg/1  in  the  White  River  have  been  recorded.  The 
sediment  concentration  in  lowland  streams  not  fed  by 
glaciers  is  usually  within  desirable  limits. 


PHOTO  8-2.  The  turbid  water  of  the  Puyallup  River 
js  limited  to  such  uses  as  irrigation. 


Chemical.  (See  table  8-4.)  The  surface  water  in 
the  basin  is,  in  general,  soft,  low  in  dissolved  solids, 
and  of  excellent  quality.  The  concentration  of  total 
dissolved  solids  in  the  Puyallup  River  system  rarely 
exceeds  70  mg/1. 

Bacteriological.  (See  table  8-4.)  The  bacterio- 
logical quality  of  streams  in  the  basin  is  highly 
variable,  with  total  coliform  densities  ranging  from 
less  than  430  MPN  in  the  Puyallup  River  near  Orting 
to  an  occasional  maximum  high  of  240,000  MPN  in 
Boise  Creek  near  Buckley. 

The  MPN  value  of  coliform  bacteria  in  Cham- 
bers Creek  below  Lake  Steilacoom  is  usually  less  than 
100,  but  is  occasionally  as  high  as  390.  Its  overall 
quality  compares  favorably  with  natural  waters  found 
in  the  basin.  However,  downstream  near  the  town  of 
Steilacoom,  MPN  values  in  excess  of  700,  with  a high 
of  1 1 ,000,  have  been  recorded  in  this  same  stream. 
Leach  Creek  has  MPN  values  usually  in  excess  of 
1,500.  Flett  Creek  at  Tacoma  contains  an  even 
greater  concentration-5343  MPN-and  is,  therefore, 
the  lowest  quality  stream  in  the  basin.  The  entire 
length  of  Clover  Creek  is  of  similar,  sanitary  quality 
with  maximums  of  11,000  MPN  near  Parkland  and 
24,000  MPN  farther  downstream  at  Lake  Steilacoom. 

GROUND  WATER 
Quantity  Available 

Plentiful  supplies  of  ground  water  exist  in  many 
of  the  lowland  areas  of  the  basin.  Deposits  of  coarse 
sedimentary  material,  the  important  lowland  aquifers, 
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are  nearly  continuous  over  about  a 420  square-mile 
area. 

Recessional  outwash  deposits,  consisting  mostly 
of  coarse  sand  and  gravel,  are  the  most  productive 
aquifers  in  the  lowlands  because  their  high  transmis- 
sibility  results  in  greater  specific  capacities  and  yields. 
Alluvium  (silt,  clay,  and  fine  sand),  which  occurs 
mainly  on  the  flood  plains  of  the  Puyallup  and  White 
River  valleys,  appears  capable  of  yielding  appreciable 
quantities  of  water  to  wells.  Wells  in  glacial  and  older 
semiconsolidated  sediments  generally  yield  small 
amounts  of  water. 

Sand  and  gravel  aquifers  probably  occur  in  the 
mountains  in  sediments  that  cover  about  a 30-square 
mile  area.  Assuming  such  qualities  as  saturated  thick- 
ness and  permeability,  these  aquifers  might  be  devel- 
oped to  supply  ground  water  on  a sustained  basis.  In 
other  mountainous  sections,  ground  water  is  obtain- 
able only  from  consolidated  and  semiconsolidated 
rocks,  which  yield  at  best  only  10  gallons  per  minute. 

TABLE  8-6.  Ground  water  quality. 


Precipitation  and  slope  runoff  supply  the 
aquifers,  which  may  receive  an  average  of  about 
130,000  acre-feet  of  recharge  annually.  Most  of  the 
ground  water  discharges  through  springs  and  seeps 
around  the  margins  of  the  river  valleys,  or  directly 
into  Puget  Sound. 

Quality 

The  ground  water  in  the  basin  is  of  generally 
good  quality,  though  objectionable  concentrations  of 
iron  and  sodium  occur  locally  in  water  from  the 
Puyallup  and  White  River  valleys.  The  water  is  low  in 
dissolved  solids,  usually  less  than  200  mg/1,  and 
hardness  does  not  usually  exceed  60  mg/1.  Silica 
concentrations  range  from  7 to  54  mg/1,  and  average 
about  30  mg/1.  Sodium  concentrations  are  relatively 
high  in  the  Puyallup  River  valley,  and  often  exceed 
50  mg/1  as  compared  to  an  average  of  less  than  10 
mg/1  in  other  parts  of  the  basin. 

Table  8-6  summarizes  ground  water  quality 
data  for  selected  wells  in  the  basin. 
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Ashford  Haadquartars  (Parti) 

15/07E 

12/13/67 

10.0 

4 

2.00 

Bonnav  Lake  (spring) 

20/06E/33 

11/6/67 

15.0 

5 

2.25 

Fruitland  Water  (wells) 

19/04E/4 

5/24/67 

15.0 

11 

1 50 

City  of  Roy 

18/02E 

5/19/67 

15.0 

8 

1.50 

Parkland  Light  and  Water 

Wall 

19/03E/9 

5/ 15/67 

15.0 

6 

0.82 

Wall 

19/03E/17 

5/15/67 

15.0 

4 

1.00 

Wall 

— 

5/15/67 

15.0 

20 

2.20 

City  of  South  Prairie 

Wall 

19/06/18 

3/27/67 

10.6 

10 

0.22 

Spring 

— 

5/7/87 

6.7 

7 

1.20 

Wall 

-~ 

12/13/66 

15.0 

7 

0.72 

Milton  Water  System 

— 

11/24/66 

— 

— 

— 

Lakewood  Water  District 

Wall  A2 

19/02E/1 

9/19/60 

— 

— 

— 

Wall  D2 

19/02E/2 

8/5/59 

— 

1 

— 

Wall  03 

19/02E/4 

9/29/60 

— 

— 

— 

Wall  K2 

19/02E/10 

12/3/58 

11.1 

1 

— 

Wall  LI 

19/02E/14 

9/9/60 

— 

— 

— 

Wall  Ml 

19/02E/16 

9/9/60 

— 

— 

2.00 

Wall  N1 

20/02E/26 

8/3/62 

— 

2 

1.00 

Oak  brook  waff 

20/036/31 

8/3/66 

— 

— 

— 

City  of  Tacoma 

Wall  1IA 

20/02E/13M1w 

1/31/68 

— 

— 

— 

Wall  »2A 

20/036 /18D1w 

10/13/50 

— 

— 

— 

Wall  2 

20/036/196 1w 

1/28/63 

— 

— 

— 

Wall 

20/03E/30N1w 

10/30/67 

— 

— 

— 

Wall 

2 1/026/ 34 A 1w 

12/16/66 

— 

3 

Port  Lewis  Water  Dept. 

Spring 

19/026/ 19 

1/31/67 

— 

— 

— 

Spring 

19/026/19 

3/17/64 

— 

— 

— 

Sull  wall 

19/026/300 

12/1/64 

12.2 

— 

— 

Wall  3 

— 

2/6/68 

11.0 

— 

— 

Walls 

— 

2/1/68 

12.2 

10 

— 

wane 

19/02E/32H2 

1/3/82 

12.7 

— 

— 

Wall 

19/026/3002 

1/3/62 

12.2 

— 

— 

WallS 

— 

3/20/04 

11.7 

5 

— 

Wall  13 

19/026/29 

2/1/06 

12.2 

— 

— 

Wall  14 

— 

1/31/67 

13* 

— 

— 

(mg/I) 


15.00 

0.12 

19.20 

0.80 

1.13 

2.76 

2.04 

0.20 



54.0 

120.0 

8.25 

22.00 

0.20 

12.00 

12.15 

2.12 

2.75 

3.99 

0.24 

— 

80.0 

118.0 

7.50 

11.25 

0.17 

8.81 

9.60 

2 96 

2.69 

1.42 

0.31 

87.0 

44.0 

112.0 

7.50 

20.50 

0.19 

8.00 

2.80 

2.64 

5.68 

10*9 

0.24 

66.2 

24.0 

96.0 

6.73 

7.50 

0.78 

10.60 

4.76 

6.13 

3.43 

3.22 

0.62 

72.2 

45.6 

111.1 

7.45 

8.00 

0.19 

13.60 

7.48 

357 

2.34 

12.31 

0.21 

81.4 

64* 

148.0 

6.85 

7.50 

0.36 

28.00 

0.49 

24.29 

3.96 

5.48 

0.41 

13.  3 

72.0 

170.0 

9.50 

23.75 

0.23 

11.21 

10.69 

5.39 

2.11 

3*2 

0.80 

100* 

72.0 

144.0 

7.78 

7,00 

0.12 

14.42 

6.32 

2.09 

1.74 

1.95 

0.24 

75.6 

62.0 

134.0 

7.49 

14.75 

0.46 

10.41 

9.50 

14.95 

3.08 

2.22 

0.94 

150.3 

44.0 

166.4 

755 

- 

0.32 

— 

— 

— 

- 

19.49 

- 

— 

— 

“ 

7.03 

43.30 

0.10 

9.00 

4.80 

16.70 

_ 



_ 

87.0 

42.2 

7.50 

42.30 

0.05 

8.90 

5.80 

14.70 

— 

— 

— 

106.0 

46.1 

— 

6.90 

37  70 

0.06 

10.70 

5.50 

13.60 

— 

— 

86.0 

49.4 

— 

7.70 

39.60 

1.10 

8.00 

5.40 

16.60 

— 

— 

— 

106.0 

42.2 

— 

7.50 

32.00 

0.10 

7.50 

5.60 

13.80 

— 

— 

_ 

86.0 

41* 

— 

7.50 

55.10 

0.15 

9.90 

5.50 

13.80 

— 

— 



106.0 

— 

7.80 

67.90 

0.22 

8.30 

5.40 

11.40 

— 

— 

_ 

130.0 

42* 

— 

8.X 

- 

0.19 

- 

- 

- 

- 

- 

- 

- 

- 

27.40 

_ 

14*0 

13.60 

5.50 

— 

0.50 

0.10 

92* 

_ 

6.90 

19.10 

0.01 

13.70 

11.00 

6*0 

— 

1.20 

0.10 



79.7 

— 

7.10 

26.40 

0.01 

9.80 

3.40 

5.40 

_ 

0.30 

0.30 

37.9 

— 

7.X 

38.80 

0.01 

15.70 

11.00 

11.30 

— 

1.10 

0.20 

_ 

84.6 

_ 

6*0 

32.20 

0.10 

26.20 

4.40 

8.50 

1.20 

0.20 

- 

81.1 

“ 

6.60 

8.50 

0.01 

11.00 

4.10 

5.30 

0*0 

1.30 

_ 

64* 

44.0 

116.0 

6.40 

9.90 

— 

10.00 

4.00 

5.40 

1.00 

1.10 

_ 

68* 

42* 

109.0 

6.80 

14.00 

0.01 

14.00 

4.80 

5.80 

1.10 

3.40 

— 

87* 

54.0 

137.0 

6.X 

31.00 

0.13 

11*0 

6.40 

5.20 

1 70 

0.30 

_ 

98.0 

50* 

127.0 

7.40 

39.00 

2.90 

6.00 

4.70 

2.40 

0.20 

— 

_ 

82* 

27.0 

83.0 

7.40 

26.00 

0.73 

16.00 

7.70 

5.80 

1.40 

1 30 

— 

110.0 

70.0 

162.0 

7.10 

17.00 

0.02 

14.00 

4.90 

6.70 

1.40 

5.40 

_ 

91.0 

55.0 

140.0 

6.40 

44.00 

1.90 

7.80 

6.40 

6*0 

3.00 

0.1 

_ 

106.0 

40.0 

116.0 

7.60 

29.00 

0.05 

10.00 

6.20 

5.90 

1.50 

0.70 

— 

96* 

50.0 

IX* 

7.10 

27.00 

0.02 

6.30 

3.30 

6.10 

2.60 

— 

— 

64.0 

26* 

82.0 

6*0 

Vocation  coda  la  the I aval  OmcnQtton  of  tha  alta  of  the  wall  or,  in  aoma  caaaa,  tprk>§.  for 

•■ample.  20/02E/30N1  w indicate*  township  20,  rangt  2 aoM,  section  30. 40*cra  plot  N.  and  tha 
ftrtt  Mad  Mail  in  that  plot. 

bR«Mu«  1m  naporatiwi  at  tirf’C  IJM°FI 


cM«crofnho«  at  2S°C 
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PRESENT  AND  FUTURE  NEEDS 


The  primary  factors  that  determine  water 
requirements  are  population  and  industrial  growth. 
Since  both  population  and  industry  are  expected  to 
increase  at  an  accelerating  rate  in  years  to  come,  it 
follows  that  demands  for  water  will  increase  at  a 
parallel  rate.  Estimates  indicate  that  demands  for 
water  will  far  exceed  the  capabilities  of  presently 
developed  sources.  It  is  extremely  important,  there- 
fore, that  accurate  forecasts  of  future  demand  be 
available  so  that  rational  decisions  concerning  the 
source  and  extent  of  future  water  sources  can  be 
made.  Approximately  30  percent  of  the  present 
developed  ground  water  under  recorded  rights  in  the 
Puget  Sound  area  is  in  the  Tacoma  vicinity. 

PROJECTED  POPULATION  GROWTH 

Production  growth  as  measured  by  increased 
value  added,  of  the  major  water  using  industries  in 
the  Basin  is  expected  to  show  an  increase  of  SSO 
percent  between  the  present  and  the  year  2020.  The 
chemical,  petroleum,  and  food  industries,  as  shown  in 
Figure  8-5,  are  forecast  to  become  the  major  indus- 
trial forces  in  the  Basin.  Food  industry  production  is 
predicted  to  grow  rapidly  through  the  year  2020,  in 
keeping  with  projected  population  increases  in  this 
and  adjacent  basins. 

PROJECTED  WATER  REQUIREMENTS 

Total  water  requirements  in  the  Batin  are 
expected  to  reach  547  million  gallons  per  day  by  the 
year  2020,  representing  more  than  a 500  percent 
increase  from  1965  requirements.  Table  8-7, 8-8,  and 
8-9  detail  water  use  requirements  for  1980, 2000  and 
2020,  respectively.  Table  8-10  summarizes  water  use 
requirements  through  the  year  2020.  Figure  8-6 
shows  graphically  the  location  of  water  needs. 


Municipal 

Municipal  average  daily  water  requirements  are 
forecast  to  be  85.5  mgd  by  1980,  152  mgd  by  2000, 
and  266  mgd  by  2020.  By  2020,  municipal  water 
requirements  will  account  for  approximately  49  per- 
cent of  total  projected  water  needs  for  the  basin.  Per 
capita  water  use  is  projected  to  increase  from  approx- 
imately 128  gpd  at  present  to  about  188  gpd  in  1980, 
210  gpd  in  2000,  and  230  gpd  in  2020.  This 
increasing  per  capita  water  use  is  in  keeping  with 
water  use  trends  observed  in  other  expanding  urban 
areas.  See  Table  8-10  for  a summary  of  projected 
rates. 

Industrial 

Industrial  users  are  expected  to  continue  to  be 
the  major  water  consumers  in  the  Basin.  Estimates 
(Table  8-10)  indicate  that  industrial  requirements  will 
increase  by  more  than  500  percent,  and  will  reach 
approximately  280  mgd  by  2020,  about  51  percent 
of  total  projected  water  requirements.  In  1965, 
indu...y  consumed  some  48.6  mgd,  or  about  58 
percent  of  the  total  amount  of  water  consumed  in  the 
Basin. 

Rural-Individual 

In  keeping  with  the  predicted  population  shift 
to  the  more  urbanized  areas,  rural-individual  water 
requirements  are  forecast  to  drop  to  about  0.25  mgd 
by  the  year  2020,  less  than  one-fourth  of  1 percent  of 
total  projected  water  use.  Rural-individual  consumers 
presently  use  about  .05  mgd.  Present  per  capita  water 
use  is  165  gpd. 
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TABLE  8-7.  Protected  water  u«a  (1900), 


System 

MUNICIPAL  USE 

Tacoma  Sarvic*  Araa 
Fort  Law  it 
Puyallup 
Stailacoom 

Buck  lay.  Sumnar,  Orting, 

Bon  nay  Laka,  Wifceeon,  and 
other  rural  community  ayatama 

Subtotal 

RURAL-INDIVIDUAL  USE 
INDUSTRIAL  USE 

Municipally  auppliad: 

Tacoma: 


Estknetad 

population 


260.000 

76.000 

30.000 
3,000 


90,800 

448300 

1.000 


daily 

monthly 

daily 

monthly 

42.80 

60.00 

430 

66.00* 

— 

— 

14.20 

20.00 

— 

— 

6.70 

8.00 

— 

— 

0.60 

0.80 

1.70* 

2.40 

16.80 

21.80 

44.50 

62.40 

40.90 

116.60 

— 

— 

0.07* 

0.10 

Papar  and  alliad 

— 

49.60 

64.60° 

6.60 

6.00  c 

Food  and  kindred 

— 

2.40 

3.80d 

0.30 

0.40  d 

Chemicals  and  petroleum 

— 

1130 

10.60 

1.20 

1.20 

Primary  met  alt 

— 

7.00 

7.00 

0.80 

0.80 

Lumbar  and  wood 

— 

1.60 

1.60c 

0.20 

0.20  c 

Stone,  clay,  glaaa 

— 

0.20 

0.30d 

0.20 

0.30  d 

Puyallup: 

Food  and  kindred 

_* 

... 

jr_ 

0.02 

0.03  d 

Stone,  clay,  glaaa 

— 

- 

- 

0.14 

0.20  d 

Sumnar: 

Papar  and  alliad 

— 

— 

— 

0.24 

0.26  c 

Stone,  clay,  glaaa 

- 

- 

-- 

0.09 

0.14d 

Saif -auppliad: 

Papar  and  alliad  (Chambera  Cr.) 

— 

0.60 

0.80c 

9.00 

930c 

Papar  and  alliad  (Sumnar) 

— 

- 

- 

1.60 

1.80P 

Primary  metala  (Kaiser) 

— 

- 

— 

6.60 

6.60 

Stone,  clay,  glaaa 

— 

0.10 

0.16d 

0.40 

o.ocf* 

Food  and  kindrad  (Sumnar) 

— 

— 

0.50 

o.acfi 

1 

' 

——— 

Subtotal 

- 

7300 

78.60 

26.60 

29.23 

Total1 

448300 

118.60 

140.90 

67.60 

144.90 

*EatlffK4ed  capacity  of  walla. 

^Ealimeted  10  paroant  aarvad  by  surface  aourcaa. 
e1 10  paraant  of  average. 

*160  percent  of  average. 

*Saaad  on  70  aped  and  100  pareant  of  rural-individual  population 
Vtauraa  era  roundad. 


aarvad  by  round > 
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TABLE  8-8.  Projected  water  use  (2000). 


w 

k 


I 

•I 


J 


4 


v 

} 


11 

f 

i 


i 


Estimated 

Surface  water  usage  (mad) 

Ground  water  usage  (mgd) 

System 

population 

served 

Average 

daily 

Maximum 

monthly 

Average 

daily 

Maximum 

monthly 

MUNICIPAL  USE 
Tacoma  service  area 

423,000 

80.00 

124.00 

8.90 

70.00® 

Fort  Lewis 

100,000 

- 

— 

21.00 

29.00 

Puyallup 

60,000 

- 

- 

12.60 

17.60 

Steilacoom 

6,000 

-- 

— 

1.30 

1.80 

Buckley,  Sumner,  Orting, 
Bonney  Lake,  Wilkeson,  and 
other  rural  community  systems 

130,500 

2,7CP 

3.80 

24,70 

34,60 

Subtotal 

719,500 

82.70 

127.80 

68.50 

153.00 

RURAL-INDIVIDUAL  USE 

1,500 

- 

-- 

0.13® 

0.18 

INDUSTRIAL  USE 

Municipally  supplied: 
Tacoma: 

Paper  and  allied 

83.00 

92.00* 

9.20 

10.10* 

Food  and  kindred 

— 

4.80 

7.20d 

0.60 

O.9C0 

Chemicals  and  petroleum 

- 

29.00 

27.60 

3.10 

3.10 

Primary  metals 

— 

12.30 

12.30 

1.40 

1.40 

Lumber  and  wood 

— 

1.60 

1.70* 

0.20 

0.20* 

Stone,  clay,  glass 

- 

0.35 

0.50d 

0.35 

0.50d 

Puyallup: 

Food  and  kindred 

_ 

0.03 

0.04d 

Stone,  clay,  glass 

- 

- 

- 

0.24 

0.36d 

Sumner: 

Paper  and  allied 

_ 

„ 

_ 

0.40 

0.44* 

Stone,  clay,  glass 

- 

- 

- 

0.16 

0.24s 

Self-supplied: 

Paper  and  allied  (Chambers  Cr.) 

0.80 

0.90* 

15.00 

16.50* 

Paper  and  allied  (Sumner) 

- 

— 

— 

2.70 

3.00* 

Primary  metals  (Kaiser) 

- 

- 

— 

11.50 

11.50 

Stone,  clay,  glass 

— 

0.17 

0.25d 

0.70 

1.000 

Food  and  kindred  (Sumner) 







1.00 

1.500 

' 

“““ 

' 

Subtotal 

- 

130.60 

142.45 

46.58 

49.88 

Total* 

721,000 

21130 

270.40 

115.20 

203.10 

®Estimated  capacity  of  walls. 

Estimated  10  parcant  served  by  surface  sources. 

*110  percent  of  average. 
d160  parcant  of  average 

*Baaad  on  90  gpod  and  100  percent  of  rural-individual  population  served  by  ground  water. 
* Figures  are  rounded. 
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TABLE  8-9  Projected  water  use  (2020). 


I 


I 


System 

Estimated 

population 

served 

Surface  water 

Averts# 

daily 

monthly 

Ground  water 
Avarapa 
daily 

Maximum 

monthly 

MUNICIPAL  USE 
Tacoma  service  area 

730,000 

161  A) 

21 0.00 

17.00 

7800* 

Fort  Lewie 

128,000 

— 

— 

29.00 

40.00 

Puyallup 

90  AM 

— 

- 

21.00 

29.00 

Steilecoom 

10AM 

- 

— 

2.30 

3.20 

Buckley,  Sumner,  Orting, 

Bon  nay  Lake,  Wilkaaon,  and 
other  rural  community  systems 

200.400 

4.6QP 

&60 

41,00 

57,00 

Subtotal 

1,156,400 

166.60 

216.60 

110.30 

204.20 

RURAL-INDIVIDUAL  USE 

2AM 

- 

- 

0.26® 

0.36 

INDUSTRIAL  USE 

Municipally  eupplled: 
Tacoma: 

Papar  and  allied 

106.00 

116.00® 

11.60 

12.80® 

Food  and  kindred 

— 

8JB0 

13A)d 

1.10 

1.80d 

Chemicals  and  petroleum 

— 

7060 

68.00 

7.60 

7.80 

Primary  metals 

— 

21.60 

21.60 

2.60 

2.60 

Lumbar  and  wood 

— 

1.60 

1.60® 

0.20 

0.20® 

Stone,  clay,  glaas 

— 

060 

1.20d 

0.80 

1.20d 

Puyallup: 

Food  and  kindred 

mmm 

- _ 

__ 

0.06 

0.09  d 

Stone,  clay,  glees 

- 

- 

- 

0.60 

090d 

Sumner: 

Paper  and  allied 

mmm 

0.50 

0.60® 

Stone,  clay,  glaas 

- 

- 

- 

0.36 

0.64d 

Self -supplied: 

Papar  and  allied  (Chambers  Cr.) 

_ 

1.00 

1.10® 

19.00 

21.00® 

Paper  and  allied  (Sumner) 

- 

— 

— 

3.40 

3.80® 

Primary  metals  (Kaiser) 

— 

— 

— 

20.20 

20.20 

Stone,  day,  glaaa 

— 

0.36 

0.60d 

1.60 

2.40d 

Food  and  kindred  '.Sumner) 

*** 

- 

L99 

2.70d 

Subtotal 

- 

200.58 

222.10 

71.32 

78.13 

Total1 

1,167,700 

366.20 

498.60 

161 .90 

262.70 

Estimated  eeMdty  of  wMt 
bE«tl  mated  10  paraent  served  toy  surface  i 
e110pereent  of  i 
d160  percent  of  i 

ton  MOipedend  100  percent  of  ruraMndivtdual  population  served  by  ground  water. 


f, 


Figures  are  rounded. 
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TABLE  8-10.  Summary  of  projactad  water  naada. 


Ua 

Year 

Estimated 

population 

served 

Surface  water  usage  (mgd)  Ground  water  usage  (mgd)  Total  usage  (mgd) 
Average  Maximum  Average  Maximum  Average  Maximum 

daily  monthly  daily  monthly  daily  monthly 

Municipal 

1965 

344,455 

21.1 

28.9 

22.4 

98.3 

44.1 

127.2 

1960 

448,800 

45.6 

62.4 

40.9 

115.6 

86.41 

178.00 

2000 

719.500 

82.7 

127.8 

68.5 

153.0 

151.2 

280.8 

2020 

1,155,400 

155.6 

216.5 

110.3 

204.2 

265.9 

420.7 

Industrial 

1965 

— 

41.5 

49.3 

14.6 

16.4 

56.1 

66.7 

I960 

73.0 

78.5 

26.6 

29.2 

99.6 

107.7 

2000 

— 

130.6 

142.6 

46.6 

49.9 

177.2 

192.5 

2020 

— 

209.6 

222.1 

71.3 

78.1 

280.9 

300.2 

Rural-Individual 

1965 

746 

0.0 

0.0 

0.0 

0.1 

0.0 

0.1 

I960 

1,000 

- 

- 

0.1 

0.1 

0.0 

0.1 

2000 

1.500 

- 

- 

0.1 

0.2 

0.1 

0.2 

2020 

2,300 

0.3 

0.4 

0.3 

0.4 

Total* 

1965 

346,200 

S3.2 

78.2 

37.00 

114.80 

100.2 

193.00 

I960 

449,800 

118.5 

140.9 

67.6 

144.9 

186.1 

285.8 

2000 

721,000 

213.3 

270.4 

115.2 

203.1 

328.5 

473.5 

2020 

1,157,700 

365.2 

438.6 

181.9 

282.7 

547.1 

721.3 

Note:  Utage  figure*  are  rounded  to  one  decimal  place. 


MEANS  TO  SATISFY  NEEDS 


GENERAL 

The  projected  annual  water  use  is  expected  to 
reach  550  mgd  by  the  year  2020.  This  is  an  increase 
of  approximately  450  mgd  over  the  1965  average  use. 
Optimum  or  peak  water  requirements  will  be  almost 
two  times  this  average  or  nearly  2,100  mgd.  Table 
2-12  and  2-13,  the  Area  Plans,  summarize  the  Basins’ 
annual  average  and  optimum  requirement.  Table  8-10 
M&l  Water  Supply  Needs,  reviews  the  needs  of  the 
major  water  systems  and/or  users  in  the  Basin. 

The  city  of  Tacoma,  largest  water  purveyor  in 
the  Basin,  uses  both  surface  and  ground  water  to 
meet  the  peaks  of  its  municipal  and  industrial 
consumers.  They  divert  surface  water  from  the  Green 
River,  to  a settling  reservoir  southeast  of  Tacoma 
where  it  is  chlorinated  and  delivered  to  the  storage 
and  distribution  systems.  The  ground  water,  although 
very  sustantial,  is  used  only  for  meeting  peaks  or 
during  maintenance  on  the  Green  River  transmission 
line  or  periods  of  high  turbidity. 

Surface  water  is  expected  to  supply  nearly  67 
percent  of  the  total  water  used  within  the  Basin,  with 
the  remainder  supplied  by  ground  water.  The  average 


production  per  recorded  well  of  0.7  mgd  is  quite 
indicative  of  the  quantity  of  ground  water  available. 
Several  wells  produce  well  over  5 mgd. 

Most  all  of  the  remaining  communities  in  the 
basin,  unless  served  by  Tacoma,  rely  upon  ground 
water  for  supplying  needs.  The  largest  of  these  service 
areas  are  Lakewood,  Fort  Lewis,  and  Puyallup. 

BASIN  PLANS 

The  Selected  Plan,  Table  8-12,  shows  the 
expected  development  for  the  systems  within  the 
basin: 

Tacoma  is  expected  to  continue  development 
of  the  Green  River  until  approximately  the  year 
2005,  at  which  time  they  will  also  develop  a site  on 
the  Puyallup  River.  The  city’s  ground  water  develop- 
ment will  be  expanded  concurrently  with  the  surface 
water  supply.  This  ground  water  source  would  aug- 
ment the  surface  water  and  be  utilized  during  times 
of  peak  demand  or  unacceptable  turbidity  in  the 
surface  supply. 

The  city  of  Puyallup  in  the  Selected  Plan  is 
propsed  to  connect  to  the  Green  River  transmission 


■ns 
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line  to  Tacoma.  This  would  require  Puyallup  to  native  Plans,  respectively,  include  costs  for  supply 

provide  a reservoir  to  be  used  for  storage  and  and  transmission,  treatment,  pumping,  and  chemicals, 

turbidity  removal.  If  this  reservoir  were  large  enough  Projected  annual  income  is  also  included.  Tables  2-12 

to  be  used  for  meeting  peak  demands  and  Puyallup  and  2-13,  the  Area  Selected  and  Alternative  Plans, 

could  contract  for  a certain  amount  of  water  daily,  respectively,  list  the  storage  and  distribution  costs  for 

Tacoma  could  wholesale  water  to  the  City.  each  Basin.  These  costs  will  remain  the  same  for  both 

In  the  Selected  Plan,  Fort  Lewis  is  listed  as  plans.  Table  8-10,  Summary  of  Projected  Water 

remaining  on  a ground  water  source.  The  city  of  Needs,  shows  the  level  of  need  to  2020  from  all 

Tacoma  Water  Division  does  not  anticipate  supplying  sources, 

water  to  either  Fort  Lewis  or  McChord  Air  Force 

Base.  McChord  is  presently  served  by  Fort  Lewis.  FINANCE 

The  Alternative  Basin  Plan  calls  for  the  Tacoma 

Water  Division  to  develop  the  Green  River  to  opti-  Annual  income  as  taken  from  Tables  2-12  and 

mum  capacity.  In  198S,  however,  it  calls  for  a 2-13  for  the  Selected  and  Alternative  Plans  indicates 

development  on  the  Skokomish  River  in  the  West  the  amount  of  money  available  to  apply  for  bond 

Sound  Basins.  This  would  necessitate  a transmission  service  (approximately  20  percent  of  the  total  annual 

line  approximately  50  miles  long  which  would  have  income). 

to  cross  the  Tacoma  Narrows  Bridge.  This  source,  The  following  figures  indicate  the  monies  avail- 

however,  would  be  able  to  supply  Shelton  and  all  of  able  for  bond  service  and  the  capital  expenditures 

the  Southern  Kitsap  Peninsula,  presently  an  area  with  amotrized  tor  30  years  at  5%  for  the  Selected  and 

inadequate  water  supplies.  A promising  plan  (not  Alternative  Plans. 

considered)  would  be  another  transmission  line  from  Annual  Amortized 


the  Skokomish  River  to  serve  the  area  in  and  around  Cost  (x  $1,000) 


. 

Olympia  (Nisqually -Deschutes  Basin)  as  the  need 

Annual  Bond  Service 

Selected 

Alternative 

arises. 

Year  Available  (x  $1 ,000) 

Plan 

Plan 

. 

In  the  Alternative  Plan,  the  remaining  com- 

munities are  expected  to  continue  development  of 

1965 

$1,620 

$790 

$ 670 

present  sources-mainly  local  ground  water  develop- 

1980 

2,150 

2,440 

1,970 

ments  to  meet  local  needs. 

2000 

3,840 

4,420 

4,750 

2020 

6,350 

6,980 

7,440 

Surface  and  ground  water  supplies  can  be 

economically  utilized  by  rural-individual  or  small  Costs  as  indicated  by  the  Engineering  News 

community  effort  water  systems,  such  as  wells  and  Record  Index  are  presently  doubling  every  15  years, 
small  surface  diversions  and  package  treatment  plants;  It  is  projected  that  by  1980  or  sooner  the  Puyallup 
90  percent  of  this  coming  from  ground  water  sources.  Basin  will  be  unable  to  bond  for  the  required  water 

The  major  means  are  to  enlarge  the  present  pumping,  supply  development,  and  future  construction  would 

treatment  and  distribution  systems  to  handle  the  involve  extraordinary  financial  burdenn  in  relation  to 

peak  water  demands.  the  Basin’s  economic  resources  or  a series  of  major 

Tables  8-12  and  8-13 , The  Selected  and  Alter-  value  rate  increases. 


TABLE  8-11.  M & I Watar  Supply-Capital  Improvamantt 
Puyallup  Batin 


P 


M.  G.  D. 

Pretant 

Future 

1966 

1966-1960 

1980-2000 

2000-2020 

Population  Served 

168.000 

260,000 

432,000 

730,000 

TACOMA 

Optimum 

168.3 

261.0 

436.8 

726.6 

Capital  Improvamantt 

81.6 

92.7 

184.8 

290.8 

Population  Sarvad 

60,000 

76,000 

100,000 

126.000 

FORT  LEWIS 

Optimum 

39.6 

49.4 

66.8 

82.3 

Capital  Improvamantt 

24.6 

9.9 

16.4 

16.5 

Population  Sarvad 

16,000 

30,000 

60.000 

90,000 

PUYALLUP 

Optimum 

10.1 

19.9 

39.9 

60.2 

Capital  Improvamantt 

8.1 

9.8 

20.0 

20.3 

Population  Sarvad 

111,466 

93,800 

139.600 

210.400 

SMALL  ft  RURAL 

COMMUNTIY  SYSTEMS 

Optimum 

74.0 

62.1 

90.6 

139.5 

Capital  Improvamantt 

63.4 

— 

16.6 

49.0 

Population  Sarvad 

— 

— 

— 

— 

SELF  SUPPLIED  INDUSTRY 

Optimum 

10.6 

20.4 

34.7 

51.8 

Capital  Improvamantt 

0.6 

9.9 

14.3 

17.1 

Population  Sarvad 

344,466 

448,800 

728,500 

1,166,400 

TOTAL 

Capital  Improvamantt 

168 

122 

262 

394 

TABLE  8-12.  M & I Wafer  Supply  Uaa  Ptanning-Prwent  to  year  2020  Satoctad  Baiin  Plan  Puyallup  Batin 


1967 

OPTIMUM  THOUSAND  DOLLARS 


Projected 

CAPACITY 

AMONTIZED 

MAINTENANCE 

Year 

of 

Annual 

Wtr.Uae 

MGD 

CAPITAL  COSTb 

AND  OPER. 

Total 

Annual 

Plan 

Supply* 

Tract-  Iron 

Pumping 

Laval 

Sourca 

Daetapment 

Dawal. 

MGD 

Supply 

T ranam.  T renam. 

ment  Removal 

Power 

Chem. 

Income 

TACOMA 

SW 

Oman  NNar  Otver*on 

E>m 

68 

72 

72 

20 

4.891 

NlBWt 

ow 

Loaal  Ground  Waar 

EkOL 

62 

62 

704 

Praam 

SW 

ADO:  23.7n*d 

ISM 

23 

23 

3.001 

1,778 

) 

1900 

SW 

Green  River 

1070 

120 

93 

93 

11,700 

6,760 

1,346 

62 

7,476 

2000 

SW 

ow 

Green  River 
Locd  Ground  Waar 

1990 

236 

90 

M 

90 

96 

11.700 

6.700 

6,760 

2.4M 

94 

13.724 

2020 

SW 

* Puyallup  River  Naar  Electron 

2006 

400 

210 

210 

24,300 

13.700 

4,210 

160 

23,418 

ow 

Local  Ground  Water 

90 

90 

4,200 

736 

736 

S 60,661 

626,978 

TACOMA  SELECTED  PLAN  TOTAL 

969.669 

PUYALLUP 

Pimm 

ow 

Loaal  OraaM  Waar 

Eds. 

2 

2 

2 

20 

234 

Piwin 

ow 

ADO:  6.1mgd 

ISM 

8 

8 

4M 

1900 

SW 

* Waar  DMaMn.  City  of  Taaarm 

1970 

• 

10 

10 

1.274 

736 

62 

360 

(Divert  from  TranamMon  Una) 

2000 

SW 

lOfaart  Nam  TranamMon  Lina) 

ISM 

13 

20 

20 

3,600 

1.600 

136 

760 

2020 

SW 

IDfvart  from  TraamWan  Ural 

2016 

21 

20 

20 

2,639 

1,623 

227 

1,226 

60 

60 

• 7,999 

•3.788 

; 

k 

PUYALLUP  MLfCTtO  PLAN  TOTAL 

911,767 

FOOT  LEWIS 

Prevent 

ow 

Lead  Ground  Water 

E«NL 

S 

19 

16 

94 

667 

Praam 

ow 

ADO:  24.Safd 

19M 

29 

26 

1,470 

1900 

ow 

•NNauaMv  River -Local  Ground  Waar 

1979 

14 

10 

10 

694 

149 

1,160 

2000 

ow 

NNaraNy  NNar-LoaN  Ground  Waar 

19M 

21 

16 

16 

964 

220 

1,728 

2000 

ow 

N (equally  Rkur-Loed  0 round  Waar 

2010 

29 

16 

16 

990 

304 

2.117 

| 

FONT  LEWIS  SELECTED  PLAN  TOTAL 

82 

82 

64.036 

Hi 

SMALL  0 NUNAL  COMMUNITY  SYSTEMS 

i 

Praam 

ow 

Local  Ground  Waar 

Ida 

19 

19 

19 

162 

1,762 

Praam 

ow 

ADO:  S4.7mfd 

19M 

94 

64 

3,262 

1900 

SW 

*Waar  D Melon.  City  of  Tacoma 

1979 

10 

62 

62 

7,693 

4,207 

191 

7 

1,061 

; 

I 

2000 

SW 

Waar  DMdon,  City  of  Taaama 

1996 

29 

29 

28 

3.146 

2.237 

307 

12 

1,061 

l 

2020 

SW 

Waar  OMtion,  City  at  Tacoma 

2010 

49 

49 

49 

6,370 

3*76 

612 

20 

2*62 

J 

139 

139 

6 20.490 

S 10.119 

u 

SMALL  0 NUNAL  COMMUNITY  SYSTEMS  TOTAL 

630,809 

i 

I 

MLF  SUPPLIED  INOUSTNY 

Praam 

ow 

Local  0 Waar 

fiaiet. 

10 

11 

11 

• 

106 

3 

j 

1900 

ow 

LoeN  Q Waar 

1990 

IS 

11 

11 

060 

1M 

6 

1 

2000 

ow 

Local  O Waar 

19M 

30 

16 

16 

900 

316 

10 

1 

2020 

SW 

LocMO  Waar 

2019 

46 

17 

17 

2.210 

463 

16 

i 

j 

94 

64 

S 3.770 

ML#  SUPPLIED  INOU8TNY  TOTAL 


MLCCTCD  PLAN  TOTAL 


•3,770 

•139940 


I 


TABLE  8-13.  M & 1 Water  Supply  llae  Planning— Present  to  year  2020  Alternate  Batin  Plan  Puyallup  Batin 

r 

Plan 

LM< 

Souroa 

Development 

Protected 
Year  Annual 

of  Wtr.  Uee 

Devel  MGD 

OPTIMUM 

CAPACITY 

MGO 

AMORTIZED 
CAPITAL  COSTb 

1967 

THOUSAND  DOLLARS 

MAINTENANCE 
AND  OPER. 

Total 

Annual 

Income 

Supply 

Tranem. 

Supply  ft 
Transm. 

!i 

Iron  Pumping 

Removal  Power  Chem. 

I 

TACOMA 

Prevent 

SW 

Giwn  Rkrer  Diversion 

Exist 

67 

72 

72 

Preeent 

GW 

Local  Ground  Water 

Ex  let. 

62 

62 

704 

4.891 

PlHMIt 

GW 

Local  Ground  Waaar 

1966 

23 

23 

1.422 

1980 

SW 

Graan  River 

1970 

126 

96 

96 

11,700 

6,760 

1.346  52 

7.476 

2000 

SW 

• South  Forte  Skokomieh  R war 

2000 

236 

186 

186 

24.060 

13.876 

2.486  94 

13,724 

2020 

SW 

South  Fork  Skokomieh  River 

2016 

401 

156 

166 

18.800 

10.900 

4.210  160 

23.418 

2020 

SW 

Graan  River 

136 

136 

16.200 

9.400 

667 

667 

972.172 

940.926 

TACOMA  ALTERNATIVE  PLAN  TOTAL 

9113.097 

PUYALLUP 

Prevent 

GW 

Local  Ground  Waaar 

Exist 

2 

2 

2 

20 

234 

Praam 

GW 

Local  Ground  Waaar 

1966 

8 

8 

486 

,9>0 

GW 

Local  Ground  Water 

1976 

6 

10 

10 

688 

62 

350 

2000 

GW 

Local  Ground  Water 

1996 

13 

20 

20 

1.200 

136 

769 

2020 

GW 

Local  Ground  Water 

2016 

21 

20 

20 

1.218 

227 

1.226 

PUYALLUP  ALTERNATIVE  PLAN  TOTAL 

60 

60 

$3,492 

FORT  LEWIS 

Prevent 

GW 

Local  Ground  Water 

Exiet 

8 

16 

16 

84 

667 

fnmn, 

GW 

Local  Ground  Water 

1966 

26 

26 

1,470 

IfltO 

SW 

* N (equally  River- Intake  and  Treatment 

1976 

14 

10 

10 

1.287 

743 

149  6 

1,160 

*■  2000 

4 

SW 

N Equally  River- Intake  and  Treatment 

19M 

21 

16 

16 

2.132 

1.230 

220  8 

1.726 

2020 

SW 

N Equally  River- Intake  and  Treatment 

2010 

29 

16 

16 

2.146 

1.237 

304  12 

2.117 

82 

82 

$ 7.034 

9 3.210 

FORT  LEWIS  ALTERNATIVE  PLAN  TOTAL 

$10,244 

SMALL  * RURAL  COMMUNITY  SYSTEMS 

Praam 

GW 

Local  Ground  Water 

Exiet 

16 

19 

19 

161 

1.762 

Piaaant 

GW 

ADO:  B4.7m0d 

1966 

64 

64 

3,282 

ISM 

i 

GW 

No  Additional  Need 

19 

191 

1,061 

2000 

GW 

Local  Ground  Waeer 

19M 

29 

16 

16 

9M 

307 

1.694 

2020 

GW 

Local  Ground  Water 

2010 

49 

49 

49 

3,940 

612 

2.862 

MALL  • RURAL  COMMUNITY  SYSTEMS  ALTERNATIVE  PLAN  TOTAL 

98,212 

SELF  SUPPLIED  INDUSTRY 

(No  Feasible  Alternative) 

931770 

ALTERNATIVE  BASIN  PLAN  TOTAL 

9139,816 

